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Abstract	  
The	  white	   prawn,	   Palaemon	   longirostris	   H.-­‐M.	   Edwards,	   1837,	   is	   a	   shallow-­‐water	  
species,	   spread	  over	   a	  wide	   geographical	   area.	  Has	   been	   recorded	   in	   estuaries	   from	  
the	   north	   of	   Africa	   up	   to	   western	   Germany	   and	   northeast	   of	   England	   and	   more	  
recently	  its	  presence	  was	  registered	  for	  the	  Black	  Sea.	  Authors	  have	  disagreed	  on	  the	  
taxonomic	   status	   of	   the	  white	   prawns	   over	   their	   distributional	   range	   that	   has	   been	  
identified	  either	  as	  Palaemon	  longirostris	  and	  P.garciacidi.	  The	  present	  study	  compares	  
variation	   in	   morphology	   and	   mtDNA	   in	   populations	   from	   the	   United	   Kingdom,	   the	  
Netherlands,	  France,	  Spain,	  Portugal,	  Morocco	  and	  Tunisia.	  Findings	  from	  this	  study	  do	  
not	  support	  the	  distinction	  of	  P.longirostris	  and	  P.garciacidi	  as	  different	  species.	  
This	   study	   also	   aims	   at	   contributing	   to	   the	   knowledge	   of	   the	   bioecology	   of	   the	  
prawn	  P.longirostris.	  The	  estuarine	  distribution	  of	  prawns	  of	  the	  River	  Mira	  population	  
follow	   the	   salinity	   displacement,	   the	   animals	   being	   found	   at	   river	   stations	   during	  
summer	   and	  autumn	  when	   saline	   encroachment	  up	   the	  estuary	  was	   greater.	  During	  
winter	  and	  spring	  when	  freshwater	  input	  from	  the	  river	  was	  greatest,	  and	  thus	  moving	  
the	  salinity	  gradient	  toward	  the	  mouth,	  the	  prawns	  migrated	  downstream	  to	  brackish	  
areas.	  Ovigerous	  females	  were	  collected	  only	  from	  estuarine	  areas	  (January	  to	  August),	  
suggesting	  that	  these	  population	  displacements	  are	  related	  to	  reproduction	  that	  does	  
not	   take	   place	   in	   freshwater	   habitats.	   The	   reproductive	   period	   varies	   among	   the	  
populations	   along	   their	   distributional	   range,	   starting	   earlier	   and	   being	   longer	   in	   the	  
southern	  estuaries,	  probably	  due	  to	   the	  water	  higher	   temperature.	  The	  reproductive	  
traits,	   fecundity,	   egg	   loss	   and	   size	   at	   maturity	   of	   female	   P.longirostris	   were	   also	  
examined	  in	  this	  study.	  The	  growth	  was	  also	  studied	  for	  the	  Mira	  River	  population.	  	  
This	   work	   contributes	   to	   a	   better	   understanding	   of	   morphological	   variation,	  
migration	   patterns,	   reproduction	   and	   growth	   of	  P.longirostris,	  which	   can	   be	   used	   to	  
implement	  a	  management	  and	  conservation	  measures	  that	  still	  lacking.	  It	  is	  urgent	  to	  
develop	  management	  measures	  for	  the	  protection	  of	  the	  white	  shrimp,	  P.longirostris	  
in	  estuaries	  and	  rivers	  over	  their	  distributional	  range,	  and	  the	  first	  efforts	  to	  be	  made	  
should	  focus	  on	  habitat	  preservation	  and	  its	  rehabilitation	  by	  reinstating,	  for	  example,	  
the	  longitudinal	  continuity	  of	  rivers	  allowing	  the	  reproductive	  migrations	  to	  take	  place.	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Resumo	  
A	   espécie	   em	   estudo	   nesta	   dissertação,	   o	   camarão-­‐de-­‐rio	   ou	   camarão-­‐branco,	  
Palaemon	   longirostris	   H.	  Milne	   Edwards,	   1837,	   tem	   uma	   vasta	   área	   de	   distribuição.	  
Encontra-­‐se	  desde	  as	  costas	  de	  Inglaterra	  e	  Sudoeste	  da	  Alemanha	  e	  mais	  para	  sul	  no	  
Atlântico	   Norte	   até	   ao	   Norte	   de	   África,	   ao	  Mar	  Mediterrâneo	   e	  Mar	   Negro.	   É	   uma	  
espécie	  referida	  como	  ocorrendo	  na	  parte	  superior	  dos	  estuários	  e	  é	  importante	  sob	  o	  
ponto	   de	   vista	   ecológico	   e	   económico	   na	  maioria	   dos	   estuários	   portugueses.	   No	   rio	  
Mira,	  é	  o	  crustáceo	  mais	   importante	  do	  ponto	  de	  vista	  económico,	  sofrendo	  por	   isso	  
uma	   pressão	   piscatória	   grande.	   A	   espécie	   é	   capturada	   por	   pescadores	   locais	   que	  
recorrem	  a	  uma	  arte	  de	  pesca	  ilegal,	  o	  beterão,	  que	  consiste	  numa	  rede,	  com	  um	  saco,	  
que	   é	   colocada	   de	   um	   lado	   ao	   outro	   do	   leito	   do	   rio	   e	   aí	   permanece	   durante	   um	  
período	  de	  maré.	  É	  uma	  arte	  muito	  devastadora	  que	  põe	  em	  perigo	  a	   sobrevivência	  
desta	  e	  de	  muitas	  outras	  espécies	  que	  procuram	  este	  estuário	  durante	  uma	   fase	  do	  
seu	  ciclo	  de	  vida.	  
Zariquiey	   Alvarez	   (1968)	   refere	   o	   Noroeste	   de	   Espanha	   como	   o	   limite	   sul	   da	  
distribuição	   de	  P.longirostris	   no	   Atlântico.	   De	   acordo	   com	   este	   autor,	   nas	   costas	   de	  
Portugal	   e	   Sul	   de	   Espanha	   P.longirostris	   é	   substituída	   por	   outra	   espécie,	   Palaemon	  
garciacidi	   Zariquiey	   Alvarez,	   1968.	   No	   entanto,	   esta	   separação	   interespecífica	   não	   é	  
clara	   e	   é	   ainda	   objecto	   de	   debate.	   A	   biologia	   de	   P.longirostris	   é	   muito	   pouco	  
conhecida,	  sendo	  considerada	  uma	  espécie	  rara	  por	  alguns	  autores	  ou,	  pelo	  contrário,	  
muito	  abundante	  por	  outros.	  Neste	  contexto,	  o	  objectivo	  geral	  da	  presente	  dissertação	  
visou	   clarificar	   o	   status	   taxonómico	   de	   P.longirostris	   e	   P.garciacidi,	   e	   aprofundar	   os	  
conhecimentos	  da	  biologia	  e	  ecologia	  da	  espécie	  na	  costa	  Portuguesa,	  especialmente	  
no	   que	   se	   refere	   a	   migrações	   associadas	   ao	   seu	   ciclo	   de	   vida	   (reprodução	   e	  
crescimento).	  
Neste	   trabalho,	   analisaram-­‐se	   os	   padrões	   geográficos	   de	   variação	   morfológica	   e	  
genética	  (DNA	  mitocondrial)	  em	  várias	  populações	  do	  camarão-­‐branco	  ao	  longo	  da	  sua	  
área	   de	   distribuição.	   Especificamente,	   estudaram-­‐se	   amostras	   de	   diferentes	  
proveniências,	   nomeadamente	   do	   Reino	   Unido,	   Holanda,	   França,	   Noroeste	   da	  
Espanha,	   Portugal,	   Marrocos	   e	   Tunísia.	   Para	   pesquisar	   se	   as	   populações	   das	   várias	  
localidades	   se	  podiam	  distinguir	   com	  base	  na	   forma,	   os	   dados	  morfométricos	   foram	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analisados	  por	  Análise	  Discriminante	   (DA).	  Para	  analisar	  a	   variação	  genética	  entre	  as	  
várias	   populações	   estudadas,	   a	   metodologia	   adoptada	   envolveu	   a	   análise	   de	   DNA	  
mitocondrial	   (mt	  DNA),	   nomeadamente	   os	   genes	   16S	   e	   COI.	   A	   análise	  morfométrica	  
realizada	   neste	   estudo	   detectou	   diferenças	   significativas	   entre	   os	   conjuntos	   de	  
medidas	  morfológicas	  atribuídas	  às	  diferentes	  populações	  estudadas.	  No	  entanto,	  não	  
foi	  possível	  atribuir	  inequivocamente	  cada	  camarão	  a	  uma	  das	  populações	  estudadas.	  
De	   facto,	   os	   dados	   morfológicos	   dos	   camarões	   das	   várias	   populações	   estudadas	  
sobrepuseram-­‐se.	   A	   variabilidade	   e	   o	   gradiente	   observados,	   bem	   como	   a	   falta	   de	  
caracteres	  diagnosticantes	  que	  separassem	  P.longirostris	  de	  P.garciacidi,	  sugerem	  que	  
a	   plasticidade	   fenotípica,	   resultante	   provavelmente	   de	   uma	   resposta	   adaptativa	   às	  
condições	  ambientais,	  pode	  ser	  a	  fonte	  de	  variação	  entre	  as	  populações	  analisadas.	  Os	  
dados	  moleculares	   corroboraram	   os	   resultados	   obtidos	   na	   análise	  morfológica,	   uma	  
vez	  que	  não	  se	  encontrou	  estrutura	  geográfica	  e	  os	  níveis	  de	  divergência	  observados	  
são	   consistentes	   com	   divergências	   intraespecíficas	   observadas	   em	   crustáceos	  
decápodes.	   Assim	   sendo,	   os	   dados	   deste	   estudo	   não	   sustentam	   a	   diferenciação	   de	  
P.longirostris	  e	  P.garciacidi	  em	  duas	  espécies	  distintas.	  
Os	   dados	   referentes	   à	   ecologia	   de	   P.longirostris	   no	   estuário	   do	   rio	   Mira	   foram	  
também	  analisados	   neste	   trabalho.	   Particular	   atenção	   foi	   conferida	   aos	  movimentos	  
migratórios	  da	  espécie	  entre	  a	  zona	  dulciaquícola	  e	  salobra	  do	  rio	  Mira,	  bem	  como	  às	  
flutuações	   ambientais	   que	   despoletam	   este	   processo.	   A	   migração	   da	   população	   de	  
P.longirostris	  para	  o	  estuário	  e	  o	  aumento	  do	  número	  de	  fêmeas	  ovadas	  apresentaram	  
uma	  correlação	   com	  o	  aumento	  da	   temperatura	  da	  água	  do	   rio.	  Não	   foi	  no	  entanto	  
estabelecida	  nenhuma	  relação	  directa	  entre	  esta	  última	  e	  a	  reprodução.	  A	  distribuição	  
dos	  camarões	  ao	  longo	  do	  rio	  pareceu	  seguir	  as	  variações	  de	  salinidade.	  A	  população	  
do	  rio	  Mira	  encontrava-­‐se	  na	  zona	  dulciaquícola	  durante	  o	  verão	  e	  o	  outono	  quando	  a	  
frente	   salina	   está	   mais	   a	   montante	   no	   estuário.	   Durante	   o	   inverno	   e	   a	   primavera,	  
quando	   a	   entrada	   de	   água	   doce	   foi	  máxima	   e	   o	   gradiente	   salino	   foi	   deslocado	   para	  
jusante,	   os	   camarões	   desceram	   para	   a	   zona	   de	   água	   salobra.	   O	   facto	   de	   apenas	   se	  
terem	  colectado	  fêmeas	  ovadas	  no	  estuário,	  em	  água	  salobra	  (entre	  Janeiro	  e	  Agosto),	  
sugere	   que	   a	   reprodução	   não	   ocorre	   em	   habitats	   dulciaquícolas.	   Apesar	   de	   este	  
comportamento	  de	  P.longirostris	  nunca	  ter	  sido	  confirmado	  noutros	  estuários	  da	  sua	  
área	   de	   distribuição,	   pensamos	   que	   a	   população	   do	   rio	   Mira	   é	   essencialmente	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dulciaquícola	  e	  migra	  para	  as	  partes	  superiores	  e	  médias	  do	  estuário	  onde	  se	  reproduz,	  
sendo	   portando	   uma	   espécie	   catádroma.	   É	   durante	   esta	   migração	   que	   a	   espécie	   é	  
capturada	  pelos	  pescadores,	  como	  referido	  anteriormente.	  
A	   biologia	   reprodutora	   de	   P.longirostris	   é	   pouco	   conhecida	   uma	   vez	   que	   os	  
principais	   estudos	   desta	   espécie	   foram	   realizados	   apenas	   em	   habitats	   estuarinos.	   O	  
período	  de	  reprodução	  corresponde	  ao	  período	  em	  que	  as	  fêmeas	  de	  uma	  população	  
estão	  ovadas	  e,	  nos	  crustáceos,	  existe	  uma	  grande	  variação	  inter	  e	  intraespecífica	  dos	  
padrões	  reprodutores,	  nos	  vários	  grupos	  que	  habitam	  ambientes	  diferentes.	  O	  padrão	  
temporal	   do	   ciclo	   reprodutor	   de	   uma	   população	   relativamente	   a	   um	   determinado	  
meio	   pode	   ter	   sido	   seleccionado	   para	   assegurar	   o	   sucesso	   reprodutor	   da	   espécie.	  
Assim,	   o	   ciclo	   reprodutor	   pode	   ser	   considerado	   uma	   expressão	   fenotípica	   para	   o	  
sucesso	   reprodutor	   de	   uma	   espécie	   num	   determinado	   ambiente.	   O	   período	  
reprodutor	   de	   P.longirostris	   varia	   entre	   zonas	   geográficas	   em	   que	   a	   espécie	   habita,	  
sendo	   mais	   longo	   nos	   estuários	   do	   sul	   da	   Europa,	   provavelmente	   devido	   à	  
temperatura	   mais	   elevada.	   Algumas	   características	   reprodutivas	   das	   fêmeas	   de	  
P.longirostris	   foram	   examinadas	   neste	   estudo.	   A	   determinação	   da	   dimensão	   da	  
maturação	   sexual	   é	   importante	   na	   caracterização	   da	   actividade	   reprodutora	   da	  
espécie,	   e	   tem	   implicações	   importantes	   na	   definição	   das	   dimensões	   mínimas	   legais	  
para	  a	  pesca.	  Assumindo	  que	  a	  maturação	  sexual	  envolve	  modificações	  morfológicas	  
na	   pleura,	   relacionadas	   com	   o	   desenvolvimento	   da	   câmara	   onde	   os	   ovos	   estão	  
alojados	   (brood	   chamber)	   nas	   fêmeas,	   foi	   feita	   uma	   estimativa	   do	   tamanho	   de	  
maturação	   sexual	   das	   fêmeas,	   usando	   dados	   morfométricos.	   O	   tamanho	   assim	  
estimado	   está	   de	   acordo	   com	   o	   tamanho	   da	   menor	   fêmea	   ovada	   encontrada	   na	  
população.	   Nas	   fêmeas	   de	   dimensões	   superiores	   ao	   tamanho	   de	   maturação	   sexual	  
distinguiram-­‐se	   dois	   morfotipos	   diferentes	   (spawning	   and	   resting).	   Como	   nos	  
crustáceos	   a	   reprodução	   é	   um	  processo	   que	   consome	  muita	   energia,	   a	  mudança	   da	  
forma	  reprodutora	  para	  a	  de	  descanso	  pode	  ser	  uma	  forma	  de	  partilhar	  energia	  entre	  
o	   processo	   da	   reprodução	   e	   o	   do	   crescimento.	   Como	   esperado	   em	   espécies	   com	  
migrações	  catádromas,	  ligadas	  à	  reprodução,	  as	  fêmeas	  de	  P.longirostris	  carregam	  no	  
seu	   abdómen	   maior	   quantidade	   de	   ovos	   e	   de	   menor	   tamanho	   do	   que	   espécies	  
exclusivamente	  dulciaquícolas.	  A	  perda	  de	  ovos	  durante	  a	  embriogénese	  foi	  pequena,	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apesar	  de	  um	  aumento	  significativo	  do	  seu	  tamanho	  e	   independente	  do	  tamanho	  da	  
fêmea.	  
O	   crescimento	   da	   população	   de	   P.longirostris	   do	   rio	   Mira	   também	   foi	   analisado	  
neste	  estudo.	  O	  dimorfismo	   sexual	   foi	  muito	   acentuado,	   com	  as	   fêmeas	   a	   atingirem	  
tamanhos	  maiores	  do	  que	  os	  machos,	  apesar	  de	  apresentarem	  taxas	  de	  crescimento	  
inferiores.	  As	  fêmeas	  ovadas	  são	  especialmente	  grandes,	  e	  é	  possível	  que	  beneficiem	  
de	  um	  tamanho	  maior	  por	  poderem	  carregar	  mais	  ovos	  no	  abdómen.	  O	  crescimento	  
relativo	  também	  apresentou	  diferenças	  entre	  machos	  e	  fêmeas.	  
Esta	  dissertação	  contribuiu	  para	  um	  melhor	  conhecimento	  da	  variação	  morfológica,	  
padrões	  de	  migração,	  reprodução	  e	  crescimento	  de	  P.longirostris,	  que	  pode	  ser	  usado	  
para	  implementar	  uma	  gestão	  e	  conservação	  da	  espécie,	  ainda	  inexistentes.	  De	  facto,	  
é	   urgente	   o	   desenvolvimento	   de	  medidas	   de	   gestão	   para	   a	   protecção	   do	   camarão-­‐
branco,	  P.longirostris,	  em	  estuários	  e	  rios	  da	  sua	  área	  de	  distribuição,	  e	  os	  primeiros	  
esforços	   a	   serem	   feitos	   devem	   concentrar-­‐se	   na	   preservação	   do	   habitat	   e	   sua	  
reabilitação,	   por	   exemplo,	   através	   do	   restabelecimento	   da	   continuidade	   longitudinal	  
para	  as	  migrações.	  
	  
Palavras-­‐chave:	   Palaemon	   longirostris	   –	   camarão-­‐branco	   –	   análises	   molecular	   e	  
morfológica	  –	  distribuição	  e	  migrações	  –	  reprodução	  e	  crescimento	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General	  introduction	  
	  
Crustaceans	  are	  a	  remarkably	  successful	  group,	  both	  in	  
number	  of	  living	  species	  and	  in	  colonization	  of	  different	  
habitats	   in	   marine,	   terrestrial,	   and	   freshwater	  
environments,	   what	   is	   reflected	   in	   a	   diversity	   of	  
patterns	  and	  reproductive	  strategies	  (Sastry,	  1983).	  
	  
Species	  status	  of	  Palaemon	  longirostris	  
The	  white	   prawn,	   Palaemon	   longirostris	   H.-­‐M.	   Edwards,	   1837,	   is	   a	   shallow-­‐water	  
species	  occurring	   in	   the	  upper	   reaches	  of	   estuaries,	   often	   in	  dense	   shoals	   (Smaldon,	  
1979).	  This	  river	  shrimp	  or	  white	  shrimp	  is	  spread	  over	  a	  wide	  geographical	  area	  and	  
has	  been	  recorded	   in	  estuaries	   from	  the	  north	  of	  Africa	  up	  to	  western	  Germany	  and	  
northeast	   of	   England	   (Van	   DenBrink	   and	   Van	   Der	   Velde,	   1986).	   Its	   presence	   was	  
recently	  described	  for	  the	  Black	  Sea	  (Sezgin	  et	  al.,	  2007).	  
The	   species	   was	   briefly	   described	   by	   H.	   Milne	   Edwards	   in	   1837	   from	   specimens	  
collected	   in	   the	   Gironde	   estuary,	   France.	   Comparing	   individuals	   from	   different	  
European	   estuaries,	   De	  Man	   (1923)	   observed	   the	   existence	   of	   two	   distinct	   forms	   of	  
this	  species:	  a	  form	  found	  in	  Meuse	  River,	  in	  The	  Netherlands	  and	  in	  the	  Adour	  River,	  
in	  France,	  that	  this	  author	  called	  variety	  robusta;	  the	  other	  found	  in	  the	  Guadalquivir	  
River,	   Spain,	  was	   the	   typical	  P.longirostris,	  more	   slender	   form,	   corresponding	   to	   the	  
description	  of	  H.	  Milne	   Edwards.	   Zariquiey	  Alvarez	   (1968)	   raised	   these	   two	   forms	   to	  
the	  species	  level:	  Palaemon	  longirostris	   in	  the	  north	  (from	  the	  northwest	  of	  Germany	  
to	   the	   northwest	   of	   Spain	   and	   Mediterranean	   Sea)	   and	   Palaemon	   garciacidi	   in	   the	  
south	   (Iberian	   rivers	   in	   Portugal	   and	   southern	   Spain).	   The	   species	   P.garciacidi	   has	  
never	  been	   formally	   described	  by	   Zariquiey	  Alvarez,	   because	   the	   author	  died	  before	  
complete	  this	  work.	  In	  fact,	  the	  description	  of	  the	  species	  is	  restricted	  to	  figures	  69	  and	  
70	  and	  an	  identification	  key	  to	  Palaemon	  genus	  in	  Zariquiey	  Alvarez	  (1968).	  After	  this,	  
Lagardère	   (1971)	   considered	   them	   as	   two	   subspecies,	   P.longirostris	   longirostris	   and	  
P.longirostris	   garciacidi,	   being	   Portugal	   the	   transition	   area	   between	   the	   two	   forms.	  
This	   author	   defended	   that	   rostrum	   length-­‐height	   ratio	   was	   the	   best	   morphological	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criterion	  to	  distinguish	  between	  the	  two	  forms.	  He	  observed	  a	  variation	  of	  the	  rostrum	  
shape	  with	  growth,	  which	  made	  the	  differentiation	  of	  medium	  size	  shrimps	  from	  the	  
two	   forms	   difficult.	   Furthermore,	   males	   of	   P.longirostris	   present	   a	   shorter	   and	  
straighter	  rostrum	  than	  females,	   leading	  to	  misidentifications.	   	  Nevertheless,	  rostrum	  
features	  have	  been	  considered	  as	  the	  most	  important	  to	  distinguish	  between	  the	  two	  
forms	  or	  species	   (De	  Man	  1923;	  Zariquiey	  Alvarez,	  1968;	  Lagardère,	  1971).	  However,	  
following	  the	  Zariquiey	  Alvarez	  key,	  differences	  in	  rostrum	  morphometrics	  lead	  to	  the	  
identification	  of	  males	  as	  P.longirostris	  and	  females	  as	  P.garciacidi.	  In	  fact,	  there	  is	  no	  
consensus	  whether	  or	  not	  P.longisrostris	  and	  P.garciacidi	  are	  different	  species.	  Authors	  
have	   disagreed	   on	   the	   taxonomic	   status	   of	   the	   white	   prawns	   along	   coasts	   of	   the	  
Northeast	  Atlantic	  Ocean	  and	  the	  Mediterranean	  Sea.	  	  
The	   decisive	   criterion	   for	   granting	   the	   species	   status	   was	   for	   a	   long	   time	   the	  
morphological	  distinction.	  Thus,	  morphologically	  distinct	  populations	  were	  recognized	  
as	   different	   species	   as	   ensued	   in	   the	   white	   prawn.	  Morphology	   turned	   out	   to	   be	   a	  
narrow	  criterion	  due	  to	  individual	  variation	  and	  the	  existence	  of	  sibling	  species	  (Mayr,	  
1963;	  Mayr	  and	  Ashlock,	  1991).	  
The	  criteria	  used	  to	  define	  a	  species	  have	  been	  object	  of	  much	  debate	  over	  the	  last	  
decades	   (Mayr	   1963,	   1970;	   Cracraft,	   1989;	   Templeton,	   1989;	   Bock,	   1992,	   2004;	  
Wayne,	  1992).	  Recently,	   the	  use	  of	  molecular	  markers	  proved	   to	  be	  useful	   in	   alpha-­‐
taxonomy	   (sensu	  Mayr	   and	  Ashlock,	   1991)	   and	  particularly	   in	   studies	  with	   decapods	  
(Cuesta	  and	  Schubart,	  1998;	  Gouws	  et	  al.,	  2000;	  Cook	  et	  al.,	  2002;	  Daniels	  et	  al.,	  2003;	  
de	  Bruyn	  et	  al.,	  2004).	  Nowadays,	  a	  variety	  of	  morphological	  and	  molecular	  tools	  are	  
used	   as	   indicators	   of	   the	   level	   of	   reproductive	   isolation,	   according	   to	   the	   biological	  
species	  concept.	  Molecular	  techniques	  can	  be	  used	  directly	  as	  measures	  of	  the	  genetic	  
flow	  between	  populations	  and	  therefore	  reproductive	  isolation	  (Claridge	  et	  al.,	  1997).	  
Regardless	   of	   the	   species	   concept,	   to	   identify	   discrete	   systematic	   units	   in	   allopatric	  
populations	  can	  be	  a	  difficult	  task	  and	  is	  often	  subjective,	  in	  part	  because	  the	  genetic	  
exchange	  cannot	  be	  evaluated	  accurately	  and	  also	  because	  these	  populations	  can	  be	  
highly	  variable	  or	  cannot	  be	  diagnosed	  by	  morphological	  characters.	  In	  fact,	  in	  modern	  
taxonomy,	  the	  relative	  importance	  of	  morphological	  versus	  genetic	  analysis	  (DNA)	  has	  
been	   the	   subject	   of	   much	   debate	   (Dunn,	   2003;	   Lipscomb	   et	   al.,	   2003;	   Mallet	   and	  
Willmott,	   2003;	   Tautz	  et	   al.,	   2003).	   Some	   authors	   even	   propose	   that	   the	   taxonomic	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reference	   system	   turns	   to	   be	   essentially	   based	   on	   DNA	   (Tautz	   et	   al.,	   2003).	   The	  
prevailing	  view	  is	  that	  there	  are	  advantages	  in	  both	  approaches	  and	  that	  the	  combined	  
use	   of	   morphological	   and	   molecular	   methods	   generally	   produces	   more	   accurate	  
analysis	  (e.g.	  Dunn,	  2003;	  Lipscomb	  et	  al.,	  2003;	  Mallet	  and	  Wilmott,	  2003;	  Seberg	  et	  
al.,	  2003;	  Madeira	  et	  al.,	  2012;	  Silva	  et	  al.,	  2013).	  	  
	  
Distribution	  and	  migration	  patterns	  in	  P.longirostris	  
Palaemon	   longirostris	   is	   considered	   an	   estuarine	   species	   and,	   according	   to	   some	  
authors,	  it	  completes	  its	  whole	  life	  cycle	  in	  brackish	  water	  (Sorbe,	  1983;	  Campbell	  and	  
Jones,	   1989a;	   Béguer,	   2009;	   Béguer	   et	   al.,	   2010;	   González-­‐Ortegón	   et	   al.,	   2010).	  
However,	   the	   biology	   of	   Palaemon	   longirostris	   is	   poorly	   known.	   This	   prawn	   is	  
considered	  extremely	  rare	  by	  some	  authors	  (Heerbout,	  1974;	  Van	  Berge	  Henegowen	  
and	   Van	   Der	   Velde,	   1975)	   but	   found	   in	   large	   densities	   by	   others	   (Holthuis,	   1950;	  
Smaldon,	  1979;	  Van	  Den	  Brink,	  1982;	  Marques	  and	  Costa,	  1984).	  González-­‐Ortegón	  et	  
al.	  (2010)	  found	  strong	  interannual	  variations	  in	  P.longirostris	  densities.	  Van	  Den	  Brink	  
and	  Van	  der	  Velde	  (1986)	  suggested	  the	  occurrence	  of	  severe	  winters	  and/or	  pollution	  
as	  possible	  causes	  of	  these	  population	  density	  fluctuations.	  	  
Spatial	  displacement	  of	  populations	  of	   this	   species	   in	  estuaries	  has	  been	  referred	  
by	  several	  authors	  and	  may	  explain	  the	  observed	  variations	  in	  density.	  In	  the	  summer	  
months	  the	  species	  is	  referred	  to	  be	  further	  upstream	  (Marchand,	  1981;	  Sorbe,	  1983;	  
Marques	   and	   Costa,	   1984),	   even	   penetrating	   deeply	   in	   the	   freshwater	   environment	  
(Sorbe,	   1983).	   During	   winter	   and	   spring	   when	   freshwater	   input	   from	   the	   river	   is	  
greater,	  and	  thus	  moving	  the	  salinity	  gradient	  towards	  the	  mouth,	  the	  prawns	  migrate	  
downstream.	  This	  pattern	  was	  observed	  for	  the	  Loire	  (Marchand,	  1981;	  Marchand	  and	  
Alliot,	   1981)	   and	   the	   Gironde	   estuaries	   (Sorbe,	   1983)	   in	   France	   and	   for	   the	   Tagus	  
estuary	  (Marques	  and	  Costa,	  1984),	   in	  Portugal.	  Also	   in	  the	  Mira	  River,	  Portugal,	  the	  
population	  of	  P.longirostris	  was	  located	  in	  lower	  estuarine	  areas	  during	  winter	  when	  
the	   salinity	   gradient	  moved	  downstream,	  due	   to	   freshwater	   input	   from	   the	   river.	   In	  
the	  summer,	  when	  higher	  salinities	  are	  found	  upstream,	  the	  population	  is	   located	  at	  
upper	   estuarine	   and	   river	   waters	   (Cartaxana,	   1994).	   According	   to	  Marchand	   (1981)	  
and	  Marchand	   and	   Alliot	   (1981)	   the	   populations	   of	   this	   species	   are	   subject	   to	   the	  
salinity	   displacements	   and	   their	   distribution	   depends	   on	   river	   debts	   and	   tidal	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coefficients	   in	   estuaries.	   In	   the	   Tamar	   River,	   in	   southwest	   England,	   Campbell	   and	  
Jones	   (1989a)	   observed	   that	   populations	   of	   this	   species	   are	   mainly	   in	   freshwater	  
during	   the	   summer	   and	   further	   downstream	   in	   areas	   with	   higher	   salinities	   during	  
winter.	  Atrill	  and	  Thomas	  (1996)	  observed	  a	  weak	  and	  apparently	  different	  seasonal	  
pattern	   in	   the	   populations	   of	   the	   River	   Thames	   with	   peak	   abundances	   during	   the	  
summer	  and	  lower	  during	  the	  winter.	  	  
Palaemon	   longirostris	   has	   long	   been	   known	   as	   an	   extremely	   euryhaline	   species	  
(Gurney,	  1923;	  Dorgelo,	  1976;	  Marchand	  and	  Alliot,	  1981;	  Van	  Den	  Brink	  and	  Van	  der	  
Velde,	  1986).	  The	  salinity	  tolerance	  limits	  for	  postlarvae	  (Campbell	  and	  Jones,	  1989a)	  
and	   larval	   stages	   (Antonopoulou	   and	   Emson,	   1989a)	   have	   been	   established	   more	  
recently.	   P.longirostris	   is	   a	   species	   that	   tolerates	   a	   wide	   range	   of	   salinities,	   from	  
marine	   to	   freshwater	   conditions	   (Dorgelo,	   1976).	   According	   to	   Campbell	   and	   Jones	  
(1989b,	  1989c),	  the	  regulatory	  capacity	  of	  this	  species	  "has	  no	  parallel	  amongst	  other	  
palaemonids	  and	  few	  prawns	  can	  maintain	  stable	  blood	  osmolalities	  over	  their	  entire	  
salinity	  tolerance	  range”.	  
A	  different	  horizontal	  river	  and	  estuarine	  distribution	  of	  prawns	  was	  also	  observed	  
between	  males	  and	  females	  (Marchand,	  1981;	  Sorbe	  1983;	  Cartaxana,	  1994)	  and	  size	  
classes	   (Van	  den	  Brink	  and	  Van	  der	  Velde,	  1986;	  Cartaxana,	  1994).	  The	  sex	   ratio	  has	  
been	  determined	  for	  several	  populations	  of	  this	  species.	   In	  Dutch	  rivers	  the	  sex	  ratio	  
varied	  significantly	   throughout	   the	  year	   (Van	  Den	  Brink	  and	  Van	  der	  Velde,	  1986).	   In	  
the	   Loire	   River	   (France),	   the	   sex	   ratio	   was	   always	   in	   favour	   of	  males	   and	   the	  more	  
downstream	  the	  greater	   the	  number	  of	  males	  captured	   (Marchand,	  1981;	  Marchand	  
and	  Alliot,	  1981).	  In	  the	  Gironde,	  males	  were	  usually	  more	  abundant,	  except	  during	  the	  
breeding	  period	  when	  the	  sex	  ratio	  was	  balanced	  (Béguer	  et	  al.,	  2010).	  In	  Tagus	  River,	  
Portugal,	  males	  were	   generally	  more	   abundant	   in	   the	  middle	   estuary,	   except	   during	  
the	  breeding	  period	  (Marques	  and	  Costa,	  1984).	   In	  the	  Mira	  River	   in	  Portugal,	  higher	  
percentages	   of	   females	   were	   almost	   always	   observed.	   Higher	   percentages	   of	   males	  
were	   observed	   only	   in	   June	   and	   July	   in	   the	   estuarine	   region	   when	   the	   population	  
migrates	  to	  freshwater,	  and	  in	  December	  in	  freshwater	  during	  downstream	  migration	  
(Cartaxana,	  1994).	  These	  differences	  may	  be	  due	  to	  temporal	  and	  spatial	  variations	  in	  
sampling,	   since	   male	   and	   female	   migrations	   do	   not	   seem	   to	   be	   synchronised	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(Cartaxana,	  1994).	  Females	  seem	  to	  migrate	  before	  males	  in	  winter	  to	  the	  estuary	  and	  
up	  to	  the	  river	  in	  summer.	  
	  
Reproductive	  traits	  of	  P.longirostris	  
Reproductive	  strategies	  of	  crustaceans	  play	  an	  important	  part	  on	  their	  population	  
dynamics.	  This	  knowledge	  allows	  a	  better	  comprehension	  of	  their	  life	  cycle	  and	  can	  be	  
useful	  for	  conservation	  programs	  (Mortari	  et	  al.,	  2009)	  and	  fisheries	  management,	  in	  
species	  of	  commercial	  value	  (Lizarraga-­‐Cubedo	  et	  al.,	  2008)	  such	  as	  P.longisrostris.	  	  
The	   reproductive	   period	   in	   crustaceans	   corresponds	   to	   the	   period	   in	   which	   the	  
females	   of	   a	   population	   are	   ovigerous.	   In	   crustaceans,	   there	   is	   a	   great	   inter	   and	  
intraspecific	   variation	   of	   the	   breeding	   patterns	   in	   the	   various	   groups	   inhabiting	  
different	   environments.	   Populations	   that	   inhabit	   temperate	   regions	   are	   subject	   to	  
seasonal	   environmental	   variations	   that	   can	   result	   in	   alternating	   periods	   with	  
favourable	   and	   unfavourable	   conditions	   for	   breeding.	   These	   variations	   are	  
accompanied	   by	   changes	   in	   photoperiod,	   temperature	   and	   food	   availability	   and	  
crustaceans	  can	  harmonize	  moulting	  and	  reproduction	  with	  the	  appropriate	  season.	  In	  
general,	  populations	  from	  the	  boreal	  and	  temperate	  regions	  exhibit	  shorter	  breeding	  
periods	  than	  the	  populations	  from	  tropical	  and	  subtropical	  regions.	  In	  the	  tropics,	  the	  
vast	   majority	   of	   species	   reproduces	   for	   long	   periods	   or	   even	   continuously	   (Sastry,	  
1983).	   The	   breeding	   period	   of	   P.longisrostris	   was	   determined	   by	   several	   authors	  
(Lagardère,	  1971;	  Marchand	  and	  Alliot,	  1981;	  Sorbe,	  1983;	  Marques	  and	  Costa,	  1984;	  
Van	  Den	  Brink	   and	  Van	  Der	  Velde,	   1986;	   Cartaxana,	   1994;	   Béguer	  et	   al.,	   2010)	   and	  
appears	  to	  vary	  along	  its	  geographic	  range.	  In	  French	  estuaries	  of	  the	  rivers	  Loire	  and	  
Gironde,	   the	   reproductive	   period	   is	   from	  March-­‐April	   to	   July	   (Marchand	   and	   Alliot,	  
1981;	   Sorbe,	   1983;	   Béguer	   et	   al.,	   2010).	   Also	   in	   the	   rivers	   of	   the	   Netherlands	   the	  
species	  breeding	  period	  begins	   in	  April	   (Van	  Den	  Brink	  and	  Van	  Der	  Velde,	  1986).	   In	  
the	  Tagus	  estuary,	  Portugal,	  the	  breeding	  period	  begins	  in	  January	  and	  continues	  until	  
June	  (Marques	  and	  Costa,	  1984).	  In	  the	  Mira	  River	  in	  Portugal,	  the	  reproductive	  period	  
is	  from	  January	  to	  August	  (Cartaxana,	  1994).	  For	  specimens	  from	  Morocco,	  Lagardère	  
(1971)	   also	   points	   out	   one	   breeding	   period	   from	   January	   to	   July.	   The	   reproductive	  
period	   of	   the	   species	   differs	   from	   one	   region	   to	   another,	   starting	   earlier	   and	   being	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longer	  at	  southern	  estuaries,	  probably	  due	  to	  higher	  water	  temperatures	  (Cartaxana,	  
1994).	  
A	   number	   of	   environmental	   factors	   such	   as	   temperature,	   photoperiod	   and	   food	  
availability	  may	  trigger	  the	  start	  of	  the	  reproductive	  period	  (Vernberg	  and	  Vernberg,	  
1983).	  In	  species	  that	  inhabit	  coastal	  and	  estuarine	  areas,	  salinity	  is	  also	  an	  important	  
factor	   (Sastry,	   1983).	   Several	   authors	   related	   the	  population	  migrations	  observed	   in	  
P.longirostris	   from	   several	   European	   estuaries	   with	   the	   salinity	   displacements	  
(Marchand,	  1981;	  Sorbe,	  1983;	  Marques	  and	  Costa,	  1984;	  Cartaxana,	  1994).	  The	  fact	  
that	   berried	   females	  were	   never	   collected	   at	   freshwater	   environments	   at	   the	   Loire	  
(Marchand,	  1981),	   the	  Gironde	   (Sorbe,	  1983),	   the	  Tagus	   (Marques	  and	  Costa,	  1984)	  
and	  the	  Mira	  (Cartaxana,	  1994),	  suggests	  that	  migration	  to	  more	  saline	  environments	  
is	  essential	  for	  reproduction	  and	  consequently	  to	  the	  completion	  of	  P.longirostris	   life	  
cycle	   (Cartaxana,	   1994).	   In	   the	  Gironde,	  water	   temperature	   appears	   to	   be	   a	   crucial	  
and	  proximate	   factor	   to	   induce	   breeding	   seasonality	   of	  P.longirostris	   (Béguer	  et	   al.,	  
2010).	   For	   these	   authors,	   salinity	   explains	   just	   a	   portion	   of	   the	   process	   and	   the	  
number	   of	   ovigerous	   females	   increases	   with	   salinity	   just	   for	   females	   carrying	   last-­‐
stage	   embryos.	   The	   reproductive	   biology	   and	   the	   displacements	   downstream	   of	  
P.longirostris	  populations	  seem	  to	  be	  related.	  	  According	  to	  Gurney	  (1924),	  ovigerous	  
females	   migrate	   downstream	   when	   the	   eggs	   are	   close	   to	   hatching.	   According	   to	  
Cartaxana	   (1994),	   the	   species	   lives	   in	   freshwater	   and	   then	  migrates	   to	  more	   saline	  
environments	   for	   reproduction.	   This	   is	   supported	   by	   the	   presence	   of	   ovigerous	  
females	  (Cartaxana,	  1994)	  and	  larvae	  (Paula,	  1993,	  1998)	  only	  in	  estuarine	  areas.	  	  This	  
migration	   downstream	   for	   reproduction	   may	   provide	   the	   larvae	   with	   optimal	  
environmental	  conditions	  to	  improve	  survival.	  
The	   reproductive	   potential	   of	   a	   population	   is	   based	   on	   an	   estimate	   of	   individual	  
fecundity,	  usually	  taken	  as	  the	  mean	  number	  of	  eggs	  produced	  per	  female	  (Cobb	  and	  
Caddy,	  1989).	  The	  mean	  fecundity	  of	  the	  species	  was	  studied	  only	  for	  the	  Gironde	  and	  
Mira	  estuaries	  (Cartaxana,	  2003a;	  Aurousseau,	  1984	  in	  Béguer	  et	  al.,	  2010;	  Béguer	  et	  
al.,	  2010).	  
The	  relative	  fecundity	  is	  obtained	  by	  the	  relation	  established	  between	  the	  number	  
of	  eggs	  and	  the	  female	  body	  size.	  Studies	  on	  the	  size-­‐specific	  fecundity	  of	  the	  species	  
were	  only	  carried	  out	  for	  the	  Netherlands	  (Van	  den	  Brink	  and	  Van	  der	  Velde,	  1986),	  for	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the	   Gironde,	   in	   France	   (Béguer	   et	   al.,	   2010)	   and	   for	   the	   Mira	   estuary	   in	   Portugal	  
(Cartaxana,	  2003a).	  In	  the	  Netherlands	  the	  relation	  uses	  the	  total	  length,	  instead	  of	  the	  
cephalothorax	   length,	   and	   the	   relation	   is	   isometric.	   For	   the	   Gironde	   and	   Mira	  
(Cartaxana,	   2003a;	   Aurousseau,	   1984	   in	   Béguer	   et	   al.,	   2010;	   Béguer	   et	   al.,	   2010),	   a	  
negative	  allometry	  was	  established	  between	  brood	  size	  and	  female	  carapace	  length.	  	  
In	   caridean,	   and	   in	   palaemonids	   in	   particular,	   the	   size	   of	   the	   eggs	   varies	   widely	  
(Williamson,	   1982).	   The	   egg	   size	   is	   an	   important	   reproductive	   variable	   because	   it	  
determines	  whether	   the	  egg	  mass	   is	   composed	  of	  many	  and	  small	  or	   few	  and	   large	  
eggs	   (Vernberg	   and	   Vernberg,	   1983)	   and	   reflects	   the	   action	   of	   various	   selective	  
pressures	  acting	  on	  reproductive	  output	  and	  larval	  development	  (Bauer,	  1991).	  Small	  
eggs	  allow	  a	   larger	  brood	  size,	   thus	   increasing	  the	  number	  of	  hatched	   larvae	  (Steele	  
and	  Steele,	  1975).	  On	  the	  other	  hand	  larger	  eggs	  permit	  hatching	  in	  a	  more	  advanced	  
stage	   of	   development,	   reducing	  mortality	   in	   the	   planktonic	   environment	   (Grahame	  
and	   Branch,	   1985).	   The	   eggs	   of	   P.longirostris	   are	   oval,	   as	   observed	   for	   several	  
palaemonids	   (Corey	   and	   Reid,	   1991).	   The	   egg	   volume	   at	   different	   developmental	  
stages	   was	   only	   studied	   for	   the	   Gironde,	   in	   France,	   and	   the	   Mira,	   in	   Portugal	  
(Cartaxana,	  2003a;	  Béguer	  et	  al.,	  2010)	  and	  the	  egg	  volumes	  were	  higher	  at	  the	  Mira	  
population.	  Other	   studies	   give	   some	   egg	   size	   ranges	   but	  without	   the	   stage	   and	   the	  
sample	  size	  (De	  Man,	  1915;	  Zariquiey	  Alvarez,	  1968;	  Sorbe,	  1983;	  Van	  den	  Brink	  and	  
Van	  der	  Velde,	  1986),	  impeding	  comparisons.	  
Decapod	   crustaceans	   are	   particularly	   suited	   for	   a	   comparative	   study	   of	   clutch	  
mortality	   since	   reproductive	   females	   brood	   their	   eggs	   and	   embryogenesis	   is	  
synchronous.	  Thus,	  egg	  development	  stage	  identifies	  the	  relative	  age	  of	  the	  clutch	  and	  
allows	   the	  mortality	   to	  be	  estimated	  by	  comparing	   the	  number	  of	  eggs	   in	  early	  and	  
late	   clutches	   from	   females	   of	   similar	   size	   (Kuris,	   1991).	   In	   the	   Gironde	   and	   in	  Mira	  
populations	  the	  observed	  egg	  loss	  was	  of	  5.1	  and	  5%,	  respectively	  (Cartaxana,	  2003a;	  
Béguer	  et	  al.,	  2010).	  
The	  determination	  of	  the	  size	  at	  sexual	  maturity	   is	   important	  when	  characterizing	  
the	   reproductive	   activity	   of	   a	   species,	   and	   has	   important	   implications	   in	   fisheries	  
biology	  and	  aquaculture,	  particularly	   in	  defining	   the	  appropriate	   legal	  minimum	  size	  
for	  fishing	  (Cobb	  and	  Caddy,	  1989;	  López-­‐Greco	  and	  Rodríguez,	  1998).	  The	  size	  at	  the	  
onset	  of	  sexual	  maturity	  of	  P.longirostris	  females	  was	  only	  calculated	  for	  the	  Gironde	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(Béguer,	  2010)	  and	  the	  Mira	  (Cartaxana,	  2003a).	  For	  the	  Loire,	  Marchand	  (1981)	  only	  
says	  that	  females	  become	  mature	  at	  a	  size	  of	  40	  mm	  that	  we	  presume	  to	  be	  the	  total	  
length.	   For	   both	   the	   Gironde	   and	   the	  Mira	   estuaries,	   the	   size	   at	   sexual	  maturity	   is	  
attained	  at	  a	  carapace	  length	  of	  8	  mm.	  	  
	  
Growth	  in	  P.longirostris	  
Growth	  can	  be	  expressed	  as	  an	  increase	  of	  the	  size,	  volume	  or	  weight	  in	  time	  and	  it	  
is	  a	  discontinuous	  process	  in	  crustaceans,	  involving	  a	  succession	  of	  moults	  (or	  ecdysis)	  
separated	   by	   intermoult	   periods	   (Hartnoll,	   1982).	   These	   repeated	   losses	   of	   the	  
integument	  do	  not	  allow	  an	  age	  determination	  based	  on	  the	  observation	  of	  the	  body	  
rigid	   parts.	   In	   Crustacea,	   age	   has	   to	   be	   indirectly	   inferred	   from	   the	   size,	   after	   the	  
production	  of	  a	  key	  based	  on	  experimental	  data	  from	  modal	  analysis	  or	  marking	  (Cobb	  
and	  Caddy,	  1989).	  The	  shape	  of	  the	  growth	  curve	  of	  a	  species	  may	  vary	  between	  both	  
genders.	  In	  most	  species	  of	  crustaceans	  males	  reach	  larger	  sizes	  than	  females,	  or	  are	  
more	   abundant	   at	   larger	   size	   classes	   (Hartnoll,	   1982).	   Occasionally	   females	   reach	  
larger	   sizes	   than	   males	   (Hoglund,	   1943;	   Edwards,	   1965),	   as	   is	   the	   case	   of	  
P.longisrostris.	  The	  growth	  of	  P.longirostris	  was	  briefly	  studied	  by	  some	  authors	  in	  the	  
estuaries	   of	   the	   Gironde	   (Sorbe,	   1983)	   and	   Loire	   (Marchand,	   1981),	   in	   France,	   and	  
Rhine	  and	  Meuse	  (Van	  Den	  Brink	  and	  Van	  der	  Velde,	  1986),	   in	  The	  Netherlands.	  The	  
maximum	  age	   calculated	   for	   the	  Dutch	  population	  of	   this	   species	  was	  of	   about	   two	  
years	  (Van	  Den	  Brink	  and	  Van	  der	  Velde,	  1986).	  Although	  females	  attained	  larger	  sizes	  
than	  males	   in	   all	   studied	   P.longirostris	   populations	   (Marchand,	   1981;	  Marques	   and	  
Costa,	  1984;	  Van	  Den	  Brink	  and	  Van	  der	  Velde,	  1986;	  Cartaxana,	  1994,	  2003b;	  Béguer	  
et	  al.,	  2011),	  the	  growth	  rate	  (K)	  of	  females	  from	  the	  Mira	  population	  was	  lower	  than	  
that	  of	  males	  (Cartaxana,	  2003b).	  The	  Gironde	  population	  showed	  growth	  rates	  much	  
higher	  than	  those	  observed	  for	  the	  Mira	  population,	  but	  the	  asymptotic	   length	  (L∞)	  
was	  much	  lower	  for	  the	  Gironde	  than	  for	  the	  Mira	  population.	  
The	   growth	   performance	   index	   (ɸ)	   is	   an	   indication	   of	   the	   well	   being	   of	   aquatic	  
species	  relative	  to	  their	  environment	  (Gabche	  and	  Hockey,	  1995)	  and	  is	  recommended	  
over	   the	   intrinsic	   growth	   rates	   (K)	   for	   comparing	   shrimp	   growth	   curves	   (Pauly	   and	  
Munro,	  1984).	  The	  growth	  performance	  index	   in	  both	  Mira	  and	  Gironde	  populations	  
was	   higher	   for	   females	   than	   for	   males	   (Cartaxana,	   2003b).	   The	   observed	   growth	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performance	   was	   higher	   for	   the	   Gironde	   (Béguer	   et	   al.,	   2011)	   than	   for	   the	   Mira	  
populations.	  	  
Crustaceans	   usually	   change	   shape	   as	   they	   grow,	   which	   is	   referred	   to	   as	   relative	  
growth,	  allometric,	  or	  occasionally	  as	  heterogonic	  growth.	  The	  relative	  growth	  is	  not	  
unique	   to	   crustaceans	   but	   rather	   a	   characteristic	   of	   all	   organisms.	   However,	  
crustacean	  integument	  permits	  precise	  measurements	  and	  the	  differences	  associated	  
with	   gender	   and	   puberty	   makes	   them	   a	   particularly	   attractive	   group	   to	   conduct	  
allometric	  studies	  (Hartnoll,	  1982).	  In	  the	  relationships	  between	  carapace	  length	  and	  
total	  length,	  the	  Mira	  populations	  showed	  significant	  differences	  between	  males	  and	  
females	  (Cartaxana,	  2003b),	  with	  the	  males	  total	  length	  increasing	  faster	  in	  relation	  to	  
carapace	   length	   (positive	   allometry).	   In	   females	   a	   negative	   allometry	   was	   observed	  
indicating	  that	  the	  growth	  of	  the	  carapace	   is	   faster	  than	  total	   length.	   In	  the	  Gironde	  
both	  males	   and	   females	   showed	   a	   negative	   allometry	   in	   carapace	   and	   total	   length	  
relationship	   (Béguer,	   2009;	   Aurousseau,	   1984	   in	   Béguer	   et	   al.,	   2010;	   Béguer	   et	   al.,	  
2011).	   The	   relationship	   between	   carapace	   and	   weight	   also	   showed	   significant	  
differences	  between	  males	  and	  females	  in	  Mira	  (Cartaxana,	  2003b).	  It	  was	  positive	  in	  
males	   indicating	   that	  weight	   increases	   faster	   than	   carapace	   length,	   and	   negative	   in	  
females.	   In	   the	   Gironde	   populations	   the	   relation	   carapace-­‐weight	   was	   always	  
negative,	  with	  the	  length	  of	  the	  carapace	  increasing	  faster	  than	  weight	  (Béguer,	  2009;	  
Béguer	  et	  al.,	  2011).	  	  
	  
Aims	  and	  importance	  
Palaemon	  longirostris	  is	  a	  shrimp	  of	  commercial	  interest	  in	  European	  estuaries	  and	  
rivers.	   Therefore,	  understanding	   the	   species	   life	   cycle	   is	   essential	   to	  plan	  and	  adopt	  
effective	  management	  measures.	  Only	   this	   knowledge	  will	   permit	   to	   identify	   critical	  
periods	  and	  to	  ascertain	  the	  factors	  that	  affect	  recruitment	  at	  each	  life	  history	  phase	  
(Crocos,	  1991).	  The	  approach	  to	  the	  management	  of	  crustacean	  populations	  is	  similar	  
to	  the	  one	  used	  for	  fish	  populations,	  and	  many	  of	  the	  techniques	  used	  are	  the	  same.	  
However,	   crustaceans	   have	   unique	   characteristics	   relevant	   to	   management,	   that	  
include	   the	   discrete	   nature	   of	   growth,	   the	   relationship	   of	   egg	   production	   to	   that	  
process,	   ease	   of	   differentiating	   between	   sexes,	   the	   ability	   to	   easily	   recognize	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ovigerous	  females,	  the	  possibility	  of	  a	  terminal	  moult	  at	  a	  range	  of	  sizes,	  and	  possible	  
male/female	  size	  relationships	  required	  for	  mating	  (Botsford,	  1991).	  	  
The	   present	   study	   aims	   to	   clarify	   the	   species	   status	   of	   different	   populations	   of	  
white	  prawns	  identified	  either	  as	  Palaemon	  longirostris	  or	  P.garciacidi	  throughout	  the	  
Northeast	   Atlantic	   and	   Mediterranean	   Sea.	   This	   is	   accomplished	   by	   comparing	  
morphological	  and	  mtDNA	  variation	  in	  the	  studied	  populations.	  
The	  bioecology	  of	  P.longirostris	  is	  poorly	  known,	  and	  this	  study	  intends	  to	  provide	  a	  
better	   knowledge	   on	   this	   species	   in	   the	   Portuguese	   coast,	   especially	   its	   life	   cycle	  
(reproduction	  and	  growth)	  and	  associated	  migrations.	  The	  distribution	  and	  migration	  
patterns	  of	  P.longirostris	  within	  the	  freshwater	  and	  brackish	  area	  of	  the	  Mira	  River	  is	  
evaluated,	  along	  with	  the	  environmental	  fluctuations	  that	  trigger	  it,	  as	  well	  as	  gender	  
and	   size	   differences	   observed	   during	   these	   processes.	   Palaemon	   longirostris	   is	   a	  
species	  caught	  with	  intensity	  in	  Portuguese	  estuaries,	  especially	  when	  processing	  the	  
migratory	  movement	   to	   reproduction.	   Therefore	   the	   determination	   of	   reproductive	  
traits	   such	   as	   the	   reproductive	   period,	   the	   size	   at	   sexual	  maturity,	   the	   size-­‐specific	  
fecundity	   relationships	  and	  estimates	  of	  brood	   loss	   in	  Portuguese	   rivers	  populations	  
are	  of	  great	  importance	  and	  are	  assessed	  in	  this	  study.	  This	  study	  also	  analyzes	  growth	  
parameters	   of	   P.longirostris,	   with	   specific	   determination	   of	   the	   von	   Bertalanffy	  
equation	  and	  morphometric	  relationships	  for	  males	  and	  females.	  
Ultimately,	  it	  is	  also	  an	  objective	  of	  this	  thesis	  to	  contribute	  to	  the	  conservation	  of	  
this	  ecologically	  and	  economically	  important	  species	  by	  providing	  a	  biological	  basis	  for	  
an	  adequate	  management	  of	  this	  resource.	  
To	   achieve	   these	   general	   goals,	   the	   present	   study	   was	   focused	   in	   the	   following	  
specific	  objectives:	  
• evaluation	   of	   the	   validity	   of	   the	   species	   status	   among	   populations,	   assigned	  
either	  as	  P.longirostris	  or	  P.garciacidi,	  along	  a	  geographic	  gradient;	  	  
• assess	   spatial	   displacement,	   i.e.,	   distribution	   and	   migration	   of	   P.longirostris	  
from	  the	  Mira	  River;	  
• study	   the	   reproductive	   traits	  of	  P.longirostris	   from	   the	  Mira	  River	  namely	   the	  
reproductive	  period,	  fecundity	  and	  size	  at	  maturity	  ;	  
• estimate	  growth	  parameters	  of	  P.longirostris	  from	  the	  Mira	  River.	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Thesis	  outline	  
To	  meet	   the	   proposed	   objectives,	   this	   thesis	   is	   structured	   in	   6	   chapters,	   four	   of	  
them	   in	   the	   form	   of	   research	   articles,	   published	   or	   to	   submit	   to	   scientific	   journals.	  
These	  articles	  were	  sequenced	  according	  to	  the	  objectives	  set,	  as	  well	  as	  the	  specific	  
needs	  of	  each	  approach	  and	  its	  possible	  realization	  in	  light	  of	  logistical	  issues.	  
Chapter	   1	   comprises	   the	   present	   general	   introduction,	   highlighting	   the	   main	  
aspects	   regarding	   the	   present	   knowledge	   on	   P.longirostris	   biology	   and	   ecology	   and	  
raised	  issues.	  	  
Chapter	   2	   examines	   geographic	   patterns	   of	   morphological	   variation	   and	   genetic	  
(mtDNA)	   in	   various	   populations	   of	   the	   white	   shrimp	   along	   its	   wide	   range	   of	  
distribution	  in	  the	  Northeast	  Atlantic	  and	  Mediterranean	  Sea.	  Specifically,	  we	  studied	  
samples	  from	  different	  sources,	  including	  the	  UK,	  The	  Netherlands,	  France,	  NW	  Spain,	  
Portugal,	  Morocco	   and	   Tunisia.	   It	   was	   investigated	   whether	   the	   populations	   of	   the	  
various	   locations	  could	  be	  distinguished	  on	  the	  basis	  of	  shape,	  using	  biometric	  data.	  
The	  genetic	   structure	  of	   the	  populations	  was	  also	   studied,	  using	  mitochondrial	  DNA	  
analysis	   (mt	  DNA).	   The	   separation	  of	  P.longirostris	   and	  P.garciacidi	   into	   two	  distinct	  
species	  was	  also	  analyzed.	  
Chapter	  3	  presents	  results	  concerning	  the	  ecology	  of	  P.longirostris	  in	  the	  Mira	  River	  
estuary.	   Particular	   attention	   is	   given	   to	   the	   migration	   of	   the	   species	   from	   the	  
freshwater	   and	   brackish	   area	   of	   the	  Mira	   River	   and	   the	   environmental	   fluctuations	  
that	  trigger	  it.	  Gender	  differences	  in	  this	  migration	  process	  such	  as	  distribution	  along	  
the	  river	  and	  in	  size	  are	  also	  analyzed.	  
Chapter	  4	  estimates	  the	  size	  at	  sexual	  maturity	  of	  P.longirostris	  in	  order	  to	  provide	  
a	   basis	   for	   an	   adequate	  management	   of	   this	   resource.	   Allometric	   data	   are	   used	   to	  
examine	  if	  different	  adult	  morphotypes	  occur	  in	  the	  population.	  Size-­‐specific	  fecundity	  
relationships	  and	  estimates	  of	  brood	  loss	  are	  also	  provided.	  	  
Chapter	   5	   describes	   the	   growth	   of	  male	   and	   female	   P.longirostris	   at	  Mira	   River.	  
Morphometric	  relationships	  among	  size	  dimensions	  and	  size-­‐weight	  relationships	  are	  
presented	   for	   males	   and	   females	   separately	   to	   look	   for	   sex-­‐specific	   differences	   in	  
growth.	  
Chapter	  1	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Chapter	   6	   encompasses	   a	   general	   discussion,	   covering	   the	   results	   attained	  
throughout	   the	   thesis,	   some	  priority	   conservation	   issues	   are	   considered,	   and	   future	  
research	  objectives	  are	  outlined.	  
	  
References	  
Antonopoulou,	  E.,	  Emson,	  R.,	  1989.	  The	  combined	  effects	  of	  temperature	  and	  salinity	  
on	   survival,	  moulting	   and	  metamorphosis	   of	   the	   larval	   stages	   of	   three	   species	   of	  
palaemonid	   prawns.	   In:	   Reproduction,	   Genetics	   and	   Distribution	   of	   Marine	  
Organisms,	  23rd	  European	  Marine	  Biology	  Symposium.	  Ryland,	  J.S.,	  Tyler,	  P.A.	  (eds.),	  
Fredensborg,	  Denmark:	  Olsen	  &	  Olsen,	  pp.	  339-­‐347.	  
	  Attrill,	  M.J.,	  Thomas,	  R.M.,	  1996.	  Long-­‐term	  distribution	  patterns	  of	  mobile	  estuarine	  
invertebrates	   (Ctenophora,	   Cnidaria,	   Crustacea:	   Decapoda)	   in	   relation	   to	  
hydrological	  parameters.	  Marine	  Ecology	  Progress	  Series,	  143:	  25-­‐36	  	  	  	  
Bauer,	  R.T.,	  1991.	  Analysis	  of	  embryo	  production	  in	  a	  caridean	  shrimp	  guild	  inhabiting	  
tropical	   seagrass	   meadows.	   In:	   Crustacean	   Issues	   7,	   Crustacean	   Egg	   Production.	  
Wenner,	  A.,	  Kuris,	  A.	  (eds.),	  Balkema	  Press,	  pp.	  181-­‐192.	  
Béguer,	   M.,	   2009.	   Réponse	   d’une	   population	   aux	   forçages	   environnementaux	   et	  
anthropiques:	  le	  suivi	  à	  long	  terme	  de	  la	  crevette	  Palaemon	  longirostris	  de	  l’estuaire	  
de	   la	  Gironde	   (1979-­‐2007).	   PhD	   thesis;	   Universite	   de	   Bordeaux	   I,	   Ecole	  Doctorale	  
Science	  et	  Environnement,	  249	  pp.	  	  
Béguer,	  M.,	  Bergé,	   J.,	  Girardin,	  M.,	  Boët,	  P.,	  2010.	  Reproductive	  biology	  of	  Palaemon	  
longirostris	   (Palaemonidae)	   from	  the	  Gironde	  estuary	   (France),	  with	  a	  comparison	  
with	  other	  European	  populations.	  	  Journal	  of	  Crustacean	  Biology	  30:	  175-­‐185.	  	  
Béguer,	  M.,	   Rochette,	   S.,	   Girardin,	  M.,	   Boët,	   P.,	   2011.	   Growth	  modeling	   and	   spatio-­‐
temporal	   variability	   in	   the	   body	   condition	   of	   the	   estuarine	   shrimp	   Palaemon	  
longirostris	  in	  the	  Gironde	  (SW	  France).	  Journal	  of	  Crustacean	  Biology,	  31:	  606-­‐612.	  	  
Bock,	   W.J.,	   1992.	   The	   species	   concept	   in	   theory	   and	   practice.	   Japanese	   Journal	   of	  
Zoology,	  9:	  697–712.	  
Bock,	   W.J.,	   2004.	   Species:	   the	   concept,	   category	   and	   taxon.	   Journal	   of	   Zoological	  
Systematics	  and	  Evolutionary	  Research,	  42:	  178–190	  
General	  Introduction	  
	   29	  
Botsford,	   L.W.,	   1991.	   Crustacean	   egg	   production	   and	   fisheries	   management.	   In:	  
Crustacean	   Issues	   7,	   Crustacean	   Egg	   Production.	   Wenner,	   A.,	   Kuris,	   A.	   (eds.),	  
Balkema	  Press,	  pp.	  379-­‐394.	  
Cartaxana,	  A.,	  1994.	  Distribution	  and	  migration	  of	  the	  prawn	  Palaemon	  longirostris	   in	  
the	  Mira	  River	  estuary	  (southwest	  Portugal).	  Estuaries,	  17:	  685-­‐694.	  
Cartaxana,	   A.,	   2003a.	   Fecundity	   and	   size	   at	   maturity	   of	   Palaemon	   longirostris	  
(Decapoda,	   Palaemonidae)	   in	   the	   Mira	   estuary	   (SW	   Portugal).	   Invertebrate	  
Reproduction	  and	  Development,	  43:	  133-­‐139.	  
Cartaxana,	   A.,	   2003b.	   Growth	   of	   the	   prawn	   Palaemon	   longirostris	   (Decapoda,	  
Palaemonidae)	   in	   Mira	   River	   and	   estuary,	   SW	   Portugal.	   Journal	   of	   Crustacean	  
Biology,	  23:	  251-­‐257.	  
Campbell,	   P.J.,	   Jones,	   M.B.,	   1989a.	   Adaptations	   of	   the	   prawn	   Palaemon	   longirostris	  
(Crustacea,	  Decapoda)	  to	  life	  in	  dilute	  saline	  regions	  of	  estuaries:	  Effect	  of	  body	  size,	  
temperature,	  and	  season	  on	  salinity	  tolerance.	  Scientia	  Marina,	  53:	  685-­‐689.	  
Campbell,	  P.J.,	  Jones,	  M.B.,	  1989b.	  Osmoregulation	  of	  the	  estuarine	  prawn	  Palaemon	  
longirostris	  (Caridea:	  Palaemonidae).	  Journal	  of	  the	  Marine	  Biological	  Association	  of	  
the	  United	  Kingdom,	  69:	  261-­‐272.	  
Campbell,	  P.J.,	   Jones,	  M.B.,	  1989c.	   Ionic	   regulation	  of	   the	  estuarine	  prawn	  Palaemon	  
longirostris	  (Caridea:	  Palaemonidae).	  Ophelia,	  30:	  141-­‐154.	  
Claridge,	   M.F.,	   Dawah,	   H.A.,	   Wison,	   M.R.,	   1997.	   Practical	   approaches	   to	   species	  
concepts	   for	   living	   organisms.	   In:	  Species,	   the	   units	   of	   biodiversity.	  Claridge,	  M.F.,	  
Dawah,	  H.A.,	  Wison,	  M.R.	  (eds.),	  Chapman	  &	  Hall,	  London,	  pp.	  1-­‐15.	  
Cobb,	   J.S.,	   Caddy,	   J.F.,	   1989.	   The	   population	   biology	   of	   decapods.	   In:	   Marine	  
Invertebrate	   Fisheries-­‐Their	   assessment	   and	   management.	   Caddy,	   J.	   (ed.),	   Wiley	  
Interscience-­‐John	  Wiley	  &	  Sons,	  New	  York,	  pp.	  327-­‐374.	  	  
Cook,	   B.D.,	   Bunn,	   S.E.,	   Hughes,	   J.M.,	   2002.	   Genetic	   structure	   and	   dispersal	   of	  
Macrobrachium	   australiense	   (Decapoda:	   Palaemonidae)	   in	   western	   Queensland,	  
Australia.	  Freshwater	  Biology,	  47:	  2098-­‐2112.	  
Corey,	   S.,	   Reid,	   D.M.,	   1991.	   Comparative	   	   fecundity	   of	   decapod	   crustaceans.	   I.	   The	  
fecundity	  of	   thirty-­‐three	   species	  of	  nine	   families	  of	   caridean	   shrimp.	  Crustaceana,	  
60:	  270-­‐294.	  
Chapter	  1	  
	  30	  
Cracraft,	   J.,	   1989.	   Species	   as	   entities	  of	   biological	   theory.	  In:	  What	   the	  philosophy	  of	  
biology	   is:	   Essays	   dedicated	   to	  David	  Hull.	   Ruse,	  M.	   (ed.),	   Kluwer	  Academic	   Publ.,	  
Dordrecht,	  pp.	  31-­‐52.	  
Crocos,	   P.J.,	   1991.	   Reproductive	   dynamics	   of	   three	   species	   of	   Penaeidae	   in	   tropical	  
Australia,	   and	   the	   role	   of	   reproductive	   studies	   in	   fisheries	   management.	   In:	  
Crustacean	   Issues	   7,	   Crustacean	   Egg	   Production.	   Wenner,	   A.,	   Kuris,	   A.	   (eds.),	  
Balkema	  Press,	  pp.	  317-­‐331.	  
Cuesta,	   J.A.,	   Schubart,	   C.D.,	   1998.	   Morphological	   and	   molecular	   differentiation	  
between	  three	  allopatric	  populations	  of	   the	   littoral	  crab	  Pachygrapsus	  transversus	  
(Gibbes,	  1850)	  (Brachyura:	  Grapsidae).	  Journal	  of	  Natural	  History,	  32:	  1499-­‐1508.	  
Daniels,	  S.R.,	  Gouws,	  G.,	  Stewart,	  B.A.,	  Coke,	  M.,	  2003.	  Molecular	  and	  morphometric	  
data	   demonstrate	   the	   presence	   of	   cryptic	   lineages	   among	   freshwater	   crabs	  
(Decapoda:	   Potamonautidae:	   Potamonautes)	   from	   the	   Drakensberg	   Mountains,	  
South	  Africa.	  Biological	  Journal	  of	  the	  Linnean	  Society,	  78:	  129-­‐147.	  
de	   Bruyn,	   M.,	   Wilson,	   J.C.,	   Mather,	   P.B.,	   2004.	   Huxley’s	   line	   demarcates	   extensive	  
genetic	   divergence	   between	   eastern	   and	   western	   forms	   of	   the	   giant	   freshwater	  
prawn,	   Macrobrachium	   rosenbergii.	   Molecular	   Phylogenetics	   and	   Evolution,	   30:	  
251–257.	  
De	  Man,	   J.G.,	   1915.	  On	   some	   European	   species	   of	   the	   genus	   Leander	   Desm.,	   also	   a	  
contribution	   to	   the	   fauna	   of	   Dutch	   waters.	   Tijdschrift	   der	   Nederlandsche	  
Dierkundige	  Vereeniging,	  Ser.	  2,	  14:	  115-­‐179.	  
De	   Man,	   J.G.,	   1923.	   Leander	   longirostris	   (H.	   M.-­‐EDW.)	   var.	   robusta	   nov.	   var.,	   the	  
common	  prawn	  of	  the	  estuary	  of	  the	  Meuse	  and	  of	  the	  Hollandsch	  Diep.	  Tijdschrift	  
der	  Nederlandsche	  Dierkundige	  Vereeniging,	  Ser.	  2,	  19:	  1-­‐9.	  
	  Dorgelo,	  J.,	  1976.	  Salt	  tolerance	  in	  Crustacea	  and	  the	  influence	  of	  temperature	  upon	  
it.	  Biological	  Revue,	  51:	  255-­‐290.	  
Dunn,	   C.P.,	   2003.	   Keeping	   taxonomy	   based	   on	   morphology.	   Trends	   in	   Ecology	   and	  
Evolution,	  18:	  270-­‐271.	  
Edwards,	   E.,	   1965.	   Observations	   on	   growth	   of	   the	   edible	   crab	   (Cancer	   pagurus).	  
Rapports	   et	   Procès	   verbaux	   des	   Réunions	   Conseil	   Permanent	   international	   pour	  
l’Exploration	  de	  la	  Mer,	  156:	  62-­‐70.	  
General	  Introduction	  
	   31	  
Gabche,	   C.E.,	   Hockey,	   H.U.P.,	   1995.	   Growth	   and	  mortality	   of	   the	   giant	   African	   river	  
prawn	   Macrobrachium	   völlenhovenii	   (Herklots:	   Crustacea:	   Palaemonidae)	   in	   the	  
Lobe	  River,	  Cameroon:	   a	  preliminary	  evaluation.	   Journal	   of	   Shellfish	  Research,	   14:	  
185-­‐190.	  	  
Grahame,	   J.,	   Branch,	   G.M.,	   1985.	   Reproductive	   patterns	   of	   marine	   invertebrates.	  
Oceanography	  and	  Marine	  Biology,	  23:	  373-­‐398.	  	  
González-­‐Ortegón,	   E.,	   Cuesta,	   J.A.,	   2006.	   An	   illustrated	   key	   to	   species	  
of	  Palaemon	  and	  Palaemonetes	  (Crustacea:	   Decapoda:	   Caridea)	   from	   European	  
waters,	   including	  the	  alien	  species	  Palaemon	  macrodactylus.	  Journal	  of	  the	  Marine	  
Biological	  Association	  of	  the	  United	  Kingdom,	  86:	  93-­‐102.	  
González-­‐Ortegón,	   E.,	   Cuesta,	   J.A.,	   Pascual,	   E.,	   Drake,	   P.,	   2010.	   Assessment	   of	   the	  
interaction	   between	   the	   white	   shrimp,	   Palaemon	   longirostris,	   and	   the	   exotic	  
oriental	   shrimp,	   Palaemon	   macrodactylus,	   in	   a	   European	   estuary	   (SW	   Spain).	  
Biological	  Invasions,	  12:	  1731-­‐1745.	  
Gouws,	   G.,	   Stewart,	   B.A.,	   Coke,	   M.,	   2000.	   Evidence	   for	   a	   new	   species	   of	   river	   crab	  
(Decapoda,	   Brachyura,	   Potamonautidae)	   from	   the	   Drakensberg,	   South	   Africa.	  
Journal	  of	  Crustacean	  Biology,	  20:	  743-­‐758.	  
Gurney,	   R.,	   1923.	   Some	  notes	   on	   Leander	   lonpirostris	  M.	   Edwards,	   and	  other	  British	  
prawns.	  Proceedings	  of	  the	  Zoological	  Society	  of	  London,	  pp.	  97-­‐123.	  	  
Gurney,	  R.,	  1924.	  The	   larval	  development	  of	   some	  British	  prawns	   (Palaemonidae).	   II.	  
Leander	   longirostris	   and	   Leander	   squilla.	   Proceedings	   of	   the	   Zoological	   Society	   of	  
London,	  pp.	  961-­‐982.	  
Hartnoll,	  R.G.,	  1982.	  Growth.	  In:	  The	  Biology	  of	  Crustacea	  2:	  Embryology,	  Morphology	  
and	  Genetics.	  Abele,	  L.	  (ed.),	  Academic	  Press,	  New	  York,	  pp.	  111-­‐196.	  
Heerbout,	   G.R.,	   1974.	   Distribution	   and	   ecology	   of	   the	   Decapoda,	   Natantia	   of	   the	  
estuarine	  region	  of	  the	  rivers	  Rhine,	  Meuse,	  and	  Scheldt.	  Netherlands	  Journal	  of	  Sea	  
Research,	  8:	  73-­‐93.	  
Hoglund,	  H.,	  1943.	  On	  the	  biology	  and	  larval	  development	  of	  Leander	  squilla	  L.	  forma	  
typica	  de	  Man.	  Svenska	  Hydrografisk-­‐Biologiska	  Kommissiones	  skr.	  Stockholm	  N.S.,	  
2:	  1-­‐44.	  
Holthuis,	   L.B.,	   1950.	   Decapoda	   (KIX)	   A.	   Natantia,	   Macrura	   Reptantia,	   Anomura	   en	  
Stomatopoda	  (KX).	  In:	  Fauna	  van	  Nederland	  15.	  Boschma,	  H.	  (ed.),	  pp.	  1-­‐166.	  
Chapter	  1	  
	  32	  
Kuris,	  A.M.,	  1991.	  A	  review	  of	  patterns	  and	  causes	  of	  crustacean	  brood	  mortality.	   In:	  
Crustacean	   Issues	   7,	   Crustacean	   Egg	   Production.	   Wenner,	   A.,	   Kuris,	   A.	   (eds.),	  
Balkema	  Press,	  pp.	  117-­‐141.	  	  
Lagardère,	   M.,	   1971.	   Les	   crevettes	   des	   côtes	   du	   Maroc.	   Travaux	   de	   l’lnstitut	  
Scientifique	  Chérifien,	  série	  Zoologie,	  36:	  1-­‐140.	  
Lipscomb,	  D.,	  Platnick,	  N.,	  Wheeler,	  Q.,	  2003.	  The	  intellectual	  content	  of	  taxonomy:	  a	  
comment	  on	  DNA	  taxonomy.	  Trends	  in	  Ecology	  and	  Evolution,	  18:	  65-­‐66.	  
Lizarraga-­‐Cubedo,	  H.A.,	  Pierce,	  G.J.,	  Santos,	  M.B.,	  2008.	  Reproduction	  of	  crustaceans	  in	  
relation	   to	   fisheries.	   In:	   Reproductive	   Biology	   of	   Crustaceans.	   Mente,	   E.	   (ed.),	  
Science	  Publishers,	  Enfield,	  pp.	  170-­‐222.	  
López-­‐Greco,	   L.S.,	   Rodríguez,	   E.M.,	   1998.	   Size	   at	   the	   onset	   of	   sexual	   maturity	   in	  
Chasmagnathus	   granulatus	   Dana,	   1851	   (Grapsidae,	   Sesarmidae):	   a	   critical	   view	  
about	   the	  usual	   criteria	   for	   its	  determination.	   In:	  Crustaceans	  and	   the	  biodiversity	  
crisis	  1,	  Proceedings	  of	  the	  Fourth	   International	  Crustacean	  Congress,	  Amsterdam,	  
The	  Netherlands,	  July	  20-­‐24	  1998.	  Schram,	  F.R.,	  von	  V.	  Klein,	  J.C.	  (eds.),	  Brill,	  Leiden,	  
Boston,	  Köln,	  pp.	  675-­‐689.	  
Madeira,	  C.,	  Alves,	  M.J.,	  Mesquita,	  N.,	  Silva,	  S.E.,	  Paula,	  J.,	  2012.	  Tracing	  geographical	  
patterns	  of	  population	  differentiation	  in	  a	  widespread	  mangrove	  gastropod:	  genetic	  
and	   geometric	  morphometrics	   surveys	   along	   the	   eastern	   African	   coast.	  Biological	  
Journal	  of	  the	  Linnean	  Society,	  107:	  647-­‐663.	  
Mallet,	   J.,	   Willmott,	   K.,	   2003.	   Taxonomy:	   renaissance	   or	   Tower	   of	   Babel?	   Trends	   in	  
Ecology	  and	  Evolution,	  18:	  57-­‐59.	  
Marchand,	   J.,	   1981.	   Observations	   sur	   l'écologie	   de	   Crangon	   crangon	   (Linné)	   et	  
Palaemon	   longirostris	   H.Milne	   Edwards	   (Crustacea,	   Decapoda,	   Natantia).	   Estuaire	  
interne	  de	  la	  Loire	  (France).	  	  Vie	  et	  Milieu,	  31:	  83-­‐92.	  	  	  	  	  	  	  	  	  
Marchand,	   J.,	   Alliot,	   A.,	   1981.	   Observations	   sur	   l'écologie	   des	   populations	   de	   trois	  
espèces	   de	   crustacés	   décapodes	   nageurs	   en	   Loire-­‐Atlantic:	   Palaemonetes	   varians	  
(Leach),	   Palaemon	   longirostris	   H.Milne	   Edwards	   et	   Crangon	   crangon	   (Linné).	  	  
Bulletin	  de	  la	  Société	  des	  sciences	  naturelles	  de	  l'Ouest	  de	  la	  France,	  nouvelle	  série,	  
tome	  3:	  184-­‐201.	  
Marques,	   J.C.,	   Costa,	   I.,	   1984.	   Étude	   d'une	   collection	   de	   crustacés	   décapodes	   de	  
l'estuaire	   du	   Tage	   (Portugal).	   	   Biologie	   des	   populations	   de	   Carcinus	   maenas	  
General	  Introduction	  
	   33	  
(Decapoda,	   Brachyura),	   Crangon	   crangon,	   Palaemon	   longirostris	   et	   Palaemon	  
serratus	  (Decapoda,	  Caridea).	  Ciência	  Biológica,	  5:	  151-­‐189.	  	  
Mayr,	  E.,	  1963.	  Animal	  Species	  and	  Evolution.	  Harvard	  University	  Press,	  Cambridge.	  
Mayr,	  E.	  1970.	  Populations,	  Species,	  and	  Evolution.	  Belknap	  Press,	  Cambridge,	  Mass.	  	  
Mayr,	  E.,	  Ashlock,	  P.D.,	  1991.	  Principles	  of	  systematic	  zoology.	  McGraw-­‐Hill,	  Inc.,	  New	  
York.	  	  
Mortari,	  R.C.,	  Pralon,	  B.G.N.,	  Negreiros-­‐Fransozo,	  M.L.,	  2009.	  Reproductive	  biology	  of	  
Palaemon	  pandaliformis	  (Stimpson,	  1871)	  (Crustacea,	  Decapoda,	  Caridea)	  from	  two	  
estuaries	   in	   southeastern	   Brazil.	   Invertebrate	   Reproduction	   and	   Development,	   53:	  
223-­‐232.	  
Paula,	   J.,	   1993.	   Ecologia	   da	   fase	   larvar	   e	   recrutamento	   de	   crustáceos	   decápodes	   no	  
estuário	  do	  rio	  Mira.	  Dissertação	  de	  Doutoramento,	  Universidade	  de	  Lisboa,	  282	  pp.	  
Paula,	   J.,	   1998.	   Larval	   retention	   and	   dynamics	   of	   the	   prawns	   Palaemon	   longirostris	  
H.Milne	   Edwards	   and	  Crangon	   crangon	   Linnaeus	   (Decapoda,	   Caridea)	   in	   the	  Mira	  
estuary,	  Portugal.	  Invertebrate	  Reproduction	  and	  Development,	  33:	  221-­‐228.	  
Pauly,	  D.,	  Munro,	  J.L.,	  1984.	  A	  simple	  method	  for	  comparing	  the	  growth	  of	  fishes	  and	  
invertebrates.	  Fishbyte,	  1:	  5-­‐6.	  
Sastry,	  A.N.	  1983.	  Ecological	   aspects	  of	   reproduction.	   In:	  The	  Biology	  of	  Crustacea	  8,	  
Environmental	   Adaptations.	   Vernberg,	   F.J.,	  Vernberg,	  W.B.	   (eds.),	   Academic	   Press	  
NY,	  pp.	  179–270.	  
Seberg,	   O.,	   Humphries,	   C.J.,	   Knapp,	   S.,	   Stevenson,	   D.W.,	   Petersen,	   G.,	   Scharff,	   N.,	  
Andersen,	   N.M.,	   2003.	   Shortcuts	   in	   systematics?	   A	   commentary	   on	   DNA-­‐based	  
taxonomy.	  Trends	  in	  Ecology	  and	  Evolution,	  18:	  63-­‐65.	  
Sezgin,	  M.,	  Aydemir,	  E.,	  Ates,	  A.S.,	  Katağan,	  T.,	  Özcan,	  T.,	  2007.	  On	  the	  presence	  of	  the	  
non-­‐native	   estuarine	   shrimp,	   Palaemon	   longirostris	   H.Milne-­‐Edwards,	   1837	  
(Decapoda,	  Caridea),	  in	  the	  Black	  Sea.	  Aquatic	  Invasions,	  2:	  464-­‐465.	  
Silva,	  S.E.,	  Silva,	  I.C.,	  Madeira,	  C.,	  Sallema,	  R.,	  Paulo,	  O.S.,	  Paula,	  J.,	  2013.	  Genetic	  and	  
morphological	  variation	  in	  two	  littorinid	  gastropods:	  evidences	  of	  recent	  population	  
expansions	   throughout	   the	   East	   African	   coast.	   Biological	   Journal	   of	   the	   Linnean	  
Society,	  108:	  494-­‐508.	  
Smaldon,	  G.,	  1979.	  British	  coastal	  shrimps	  and	  prawns.	  Synopses	  of	  the	  British	  Fauna,	  
15.	  
Chapter	  1	  
	  34	  
Sorbe,	   J.C.,	   1983.	   Les	   décapodes	   natantia	   de	   l'estuaire	   de	   la	   Gironde	   (France).	  
Contribution	   a	   l'étude	   morphologique	   et	   biologique	   de	   Palaemon	   longirostris	  
H.Milne	  Edwards,	  1837.	  	  Crustaceana,	  44:	  251-­‐270.	  
Steele,	   D.H.,	   Steele,	   V.J.,	   1975.	   Egg	   size	   and	   duration	   of	   embryonic	   development	   in	  
Crustacea.	  Internationale	  Revue	  der	  gesamten	  Hydrobiologie	  und	  Hydrographie,	  60:	  
711	  -­‐715.	  
Tautz,	  D.,	  Arctander,	  P.,	  Minelli,	  A.,	  Thomas,	  R.H.,	  Vogler,	  A.P.,	  2003.	  A	  plea	   for	  DNA	  
taxonomy.	  Trends	  in	  Ecology	  and	  Evolution,	  18:	  70-­‐74.	  
Templeton,	  A.R.,	  1989.	  The	  meaning	  of	  species	  and	  speciation:	  a	  genetic	  perspective.	  
In:	  Speciation	  and	  Its	  Consequences.	  Otte,	  D.,	  Endler,	  J.A.	  (eds.),	  Sunderland,	  Mass:	  
Sinauer,	  pp.	  3-­‐27.	  
Van	  Berge	  Henegowen,	  A.L.,	  Van	  Der	  Velde,	  G.,	  1975.	  De	  waarde	  van	  de	  Kagerplassen,	  
vastgesteld	   aan	   de	   hand	   van	   macrofauna,	   in	   het	   bijzonder	   die	   van	   de	   oevers.	  
Bijdragen	  Faunistiek	  van	  Nederland,	  III	  J	  Zoologische	  Bijdragen,	  17:	  1-­‐21.	  
Van	  Den	  Brink,	  F.W.B.,	  1982.	  Het	  voorkomen	  van	  “zoetwater”-­‐	  garnalen	  in	  Nederland.	  
Natura,	  79:	  160-­‐163.	  
Van	   Den	   Brink,	   F.W.B.,	   Van	   Der	   Velde,	   G.,	   1986.	   Observations	   on	   the	   population	  
dynamics	   and	   distribution	   of	   the	   white	   prawn	   Palaemon	   longirostris	   H.Milne	  
Edwards,	   1837	   (Crustacea,	   Decapoda,	   Natantia)	   in	   the	   Netherlands,	   with	   special	  
reference	  to	  its	  occurrence	  in	  the	  major	  rivers.	  Archiv	  für	  Hydrobiologie,	  107:	  465-­‐
495.	  
Wayne,	  R.K.,	   1992.	  On	   the	  Use	  of	  Morphologic	   and	  Molecular	  Genetic	  Characters	   to	  
Investigate	  Species	  Status.	  Conservation	  Biology,	  6:	  590-­‐592.	  
Williamson,	  D.I.,	  1982.	  Larval	  morphology	  and	  diversity.	  In:	  The	  Biology	  of	  Crustacea	  2,	  
Embryology,	   Morphology,	   and	   Genetics.	   Bliss,	   D.E.,	   Abele,	   L.G.	   (eds.),	   Academic	  
Press	  NY,	  pp.	  43-­‐110.	  
Vernberg,	   W.B.,	   Vernberg,	   F.J.,	   1983.	   Freshwater	   adaptations.	  In:	   The	   Biology	   of	  
Crustacea	   8,	   Environmental	   Adaptations.	   Vernberg,	   F.J.,	  Vernberg,	   W.B.	   (eds.),	  
Academic	  Press	  NY,	  pp.	  335-­‐363.	  
Zariquiey	  Alvarez,	  R.,	  1968.	  Crustáceos	  Decápodes	  Ibéricos.	  Investigación	  Pesquera,	  32:	  
1-­‐510.	  
 35	  
	  
	  
	  
	  
	  
	  
CHAPTER	  2	  
Morphometric	  and	  molecular	  analyses	  for	  populations	  of	  
Palaemon	  longirostris	  and	  P.garciacidi	  (Crustacea,	  
Palaemonidae):	  evidence	  for	  a	  single	  species	  
Cartaxana,	   A.,	   submitted.	   Morphometric	   and	   molecular	   analyses	   for	   populations	   of	  
Palaemon	   longirostris	   and	   P.garciacidi	   (Crustacea,	   Palaemonidae):	   evidence	   for	   a	  
single	  species.	  Estuarine,	  Coastal	  and	  Shelf	  Science.	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Abstract	  
Authors	  have	  disagreed	  on	  the	  taxonomic	  status	  of	  the	  white	  prawns	  along	  the	  coasts	  
of	   the	   Northeast	   Atlantic	   Ocean	   and	   the	   Mediterranean	   Sea.	   The	   present	   study	  
compares	   variation	   in	   morphology	   and	   mtDNA	   in	   populations	   of	   white	   prawns,	  
identified	   as	   Palaemon	   longirostris	   and	   P.garciacidi,	   from	   the	   United	   Kingdom,	   The	  
Netherlands,	  France,	  Spain,	  Portugal,	  Morocco	  and	  Tunisia.	  	  Differences	  in	  morphology	  
among	   populations	   were	   tested	   using	   a	   multiple	   discriminant	   analyses	   (DA)	   on	  
morphometric	  data.	  In	  order	  to	  resolve	  variation	  in	  mtDNA,	  16S	  and	  COI	  mitochondrial	  
(mt)	   genes	   were	   used.	   The	  morphometric	   analyses	   do	   not	   support	   their	   separation	  
into	   distinct	   species,	   since	   individual	   prawns	   could	   not	   be	   assigned	   unequivocally	   to	  
one	   of	   the	   various	   studied	   populations	   and	   a	   geographic	   pattern	   could	   be	   detected	  
only	   in	   females.	   Molecular	   data	   corroborate	   the	   morphological	   analyses,	   since	   no	  
geographic	   structure	   was	   found	   and	   the	   levels	   of	   sequence	   divergence	   observed	  
among	  haplotypes	  from	  distinct	  populations	  (0.1-­‐0.8%)	  are	  consistent	  with	  other	  16S	  
and	  COI	  intraspecific	  divergences	  of	  decapod	  crustaceans.	  Therefore,	  findings	  from	  this	  
study	   do	   not	   support	   the	   distinction	   of	   P.longirostris	   and	   P.garciacidi	   as	   different	  
species.	  
	  
Introduction	  
The	  white	  prawn,	  Palaemon	  longirostris,	  was	  first	  collected	  in	  the	  Gironde	  estuary	  
(France)	   and	   briefly	   described	   by	   H.	   Milne	   Edwards	   in	   1837.	   It	   exhibits	   a	   wide	  
geographic	   range,	   from	   the	   coasts	   of	   Britain	   and	   southwest	   of	   Germany	   in	   the	  
Northeast	  Atlantic	   southwards	   to	   the	  Mediterranean	  and	  Black	  Sea	   (Smaldon,	  1979).	  
Zariquiey	   Alvarez	   (1968)	   refers	   the	   southern	   Northeast	   Atlantic	   distribution	   of	   the	  
species	   in	   the	  northwest	  of	   Spain	  and	  again	   in	   the	  Mediterranean.	  According	   to	   this	  
author,	  P.longirostris	  is	  replaced	  by	  Palaemon	  garciacidi	  Zariquiey	  Alvarez,	  1968	  in	  the	  
coast	   of	   Portugal	   and	   southern	   Spain.	   De	  Man	   (1915)	   observed	   that	  Mediterranean	  
specimens	  were	  slightly	  different	  in	  morphology	  from	  the	  Dutch	  ones,	  especially	  in	  the	  
ratio	   between	   the	   shorter	   ramus	   of	   the	   outer	   antennular	   flagellum	   and	   the	   fused	  
portion	  and	  in	  the	  more	  slender	  legs.	  He	  proposed	  the	  variety	  mediterranea	  should	  be	  
adopted	   if	   these	   characters	   prove	   to	   be	   constant	   in	   the	  Mediterranean	   specimens.	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Comparing	   individuals	   from	   the	  Guadalquivir	  River	   (southern	   Spain),	   from	   the	  Adour	  
River	   (Southwest	   of	   France)	   and	   from	   the	  Meuse	   River	   (The	   Netherlands),	   De	  Man	  
(1923)	  distinguished	  two	  forms	  in	  this	  species,	  one	  rather	  robust	  (var.	  robusta)	  and	  the	  
other	  more	  slender.	  The	  form	  found	  in	  The	  Netherlands	  and	  in	  the	  Adour	  River	  was	  the	  
variety	  named	  by	  the	  author	  as	  robusta.	  The	  one	  found	  in	  the	  Guadalquivir	  River	  was,	  
according	  to	  De	  Man	  (1923),	  the	  typical	  form	  of	  Palaemon	  longirostris,	  corresponding	  
to	  the	  description	  of	  H.	  Milne	  Edwards.	  Holthuis	  and	  Gottlieb	  (1958)	  also	  accepted	  the	  
existence	   of	   two	   forms	   but,	   unlike	   De	   Man	   (1923),	   they	   considered	   the	   original	  
description	  by	  H.	  Milne	  Edwards	  of	   specimens	   from	  the	  Gironde	  River	   (Southwest	  of	  
France)	   to	  be	   the	  var.	   robusta	  De	  Man.	  Examining	   the	  geographic	  distribution	  of	   the	  
two	  varieties,	  the	  var.	  robusta	  occurs	  with	  certainty	  from	  the	  northwest	  of	  Germany	  to	  
the	  northwest	  of	  Spain	  and	  the	  more	  slender	  form	  is	  observed	  in	  southern	  areas	  (e.g.,	  
Guadalquivir	  River).	  Moreover,	   it	   is	  more	  likely	  that	  the	  specimens	  found	  by	  H.	  Milne	  
Edwards	   (1837)	   in	   the	  Gironde	  estuary	  belong	   to	   the	  more	   robust	   form,	   since	   in	   the	  
nearly	   southern	   area	   (Adour	   River)	   De	   Man	   (1923)	   identified	   the	   specimens	   of	  
P.longirostris	   as	   belonging	   to	   the	   var.	   robusta.	   According	   to	   Holthuis	   and	   Gottlieb	  
(1958),	  knowledge	  of	  the	  Mediterranean	  and	  the	  Black	  Sea	  populations	  was	  too	  scarce	  
to	  assign	  specimens	  to	  either	  of	  the	  two	  forms,	  though	  the	  authors	  expected	  them	  to	  
be	  closer	  to	  the	  slender	  form	  from	  the	  Guadalquivir	  River.	  Surprisingly	  to	  the	  authors,	  
the	   only	   studied	   specimen	   from	   the	   Mediterranean	   (Israel)	   conformed	   well	   to	   the	  
typical	  P.longirostris.	   Zariquiey	  Alvarez	   (1968)	   considered	   these	   varieties	   as	   different	  
species:	  P.longirostris	   for	  the	  “robust”	  form	  (northwestern	  Germany	  to	  northwestern	  
Spain	   and	  Mediterranean)	   and	   P.garciacidi	   for	   the	   “slender”	   form	   only	   assigned	   for	  
Iberian	  rivers	  in	  Portugal	  and	  southern	  Spain.	  He	  produced	  an	  identification	  key	  for	  the	  
genus	  Palaemon	  wherein	  the	  separation	  of	  the	  two	  species	  was	  based	  on	  the	  rostrum	  
length	  and	  shape:	  P.longirostris	  was	  described	  as	  having	  a	   straight	   rostrum,	  whereas	  
P.garciacidi	  was	  characterized	  by	  a	  longer,	  more	  slender	  and	  upward	  curved	  rostrum.	  
When	   the	   author	  of	   the	  present	   study	  used	   this	   key,	   the	   females	  were	   identified	   as	  
P.garciacidi	   and	   the	   males	   as	   P.longirostris.	   To	   Lagardère	   (1971),	   P.longirostris	  
presented	   some	  morphological	   variation	  within	   its	   geographic	   distribution,	   justifying	  
two	   sub-­‐species:	   P.longirostris	   longirostris	   had	   a	   northern	   distribution	   and	  
P.longirostris	  garciacidi	  had	  a	  southern	  distribution,	  with	  the	  two	  sub-­‐species	  meeting	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on	  the	  Portuguese	  coast.	  He	  proposed	  the	  ratio	  between	  rostrum	  length	  and	  height	  as	  
the	   best	   criterion	   to	   distinguish	   between	   the	   two	   forms.	   He	   also	   observed	   that	   the	  
rostrum	  shape	  varied	  with	  growth,	  the	  larger	  individuals,	  especially	  females,	  having	  a	  
larger	  and	  upward	  curved	  rostrum,	  thus	  making	  differentiation	  between	  the	  two	  forms	  
for	  medium	  size	  specimens	  very	  difficult.	  Furthermore,	  males	  of	  P.longirostris	  have	  a	  
shorter	  and	  straighter	  rostrum	  than	  females,	  leading	  to	  misidentifications.	  	  
The	  relative	  importance	  of	  DNA	  versus	  morphological	  analyses	  in	  modern	  taxonomy	  
and	   biodiversity	   studies	   has	   been	   recently	   the	   subject	   of	   much	   debate	   (e.g.	   Dunn,	  
2003;	   Lipscomb	  et	  al.,	  2003;	  Mallet	  and	  Willmott,	  2003;	  Tautz	  et	  al.,	  2003;	  Wheeler,	  
2005;	  Packer	  et	  al.,	  2009).	  Morphological	  distinctiveness	  was	  the	  decisive	  criterion	  of	  
species	   rank	   as	   a	   mean	   of	   inferring	   reproductive	   isolation,	   for	   a	   long	   time.	  
Consequently,	   morphologically	   distinct	   populations	   were	   recognized	   as	   separate	  
species.	   Due	   to	   several	   forms	   of	   individual	   variation	   and	   to	   the	   existence	   of	   sibling	  
species,	   this	   criterion	   is	   of	   limited	   use	   (Mayr,	   1963;	   Mayr	   and	   Ashlock,	   1991).	  
Molecular	  markers	  have	  proven	   to	  be	  particularly	   valuable	   in	  microtaxonomy	   (sensu	  
Mayr	   and	   Ashlock,	   1991),	   including	   in	   decapod	   crustacean	   studies	   (Cuesta	   and	  
Schubart,	  1998;	  Gouws	  et	  al.,	  2000;	  Cook	  et	  al.,	  2002;	  Daniels	  et	  al.,	  2003;	  de	  Bruyn	  et	  
al.,	   2004).	   Although	   some	   authors	   propose	   that	   DNA	   would	   be	   the	   scaffold	   of	   a	  
taxonomic	   reference	   system	   (Tautz	  et	   al.,	   2003),	   the	  prevailing	  opinion	   is	   that	   there	  
are	  advantages	   in	  both	  morphological	   and	  molecular	   approaches,	   and	   collaborations	  
between	   morphological	   and	   molecular	   systematists	   often	   produce	   analyses	   that	  
transcend	  the	  accuracy	  of	  separate	  studies	  (Dunn,	  2003;	  Lipscomb	  et	  al.,	  2003;	  Mallet	  
and	  Wilmott,	  2003;	  Seberg	  et	  al.,	  2003;	  Ebach	  and	  Holdrege,	  2005;	  Schindel	  and	  Miller,	  
2005).	  
The	   aim	   of	   this	   study	   was	   to	   evaluate	   the	   validity	   of	   the	   species	   status	   among	  
populations	  of	  the	  putative	  species.	  Selected	  populations	  along	  a	  geographic	  gradient,	  
assigned	   either	   as	   P.longirostris	   or	   P.garciacidi,	   were	   analysed	   with	   morphometrics	  
and	  mitochondrial	  DNA	  markers	  (COI	  and	  16S).	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Material	  and	  methods	  
Material	  examined	  
A	  total	  of	  177	  prawns	  identified	  either	  as	  P.longirostris	  or	  P.garciacidi	  were	  included	  
in	  the	  present	  study.	  The	  samples	  were	  provided	  by	  various	  sources,	  including	  deposits	  
at	   The	   National	   Museum	   of	   Natural	   History,	   Leiden	   –	   The	   Netherlands	   (NNM),	   The	  
Natural	   History	   Museum,	   London	   –	   UK	   (NHM)	   and	   the	   Smithsonian	   Institution,	  
Washington	  –	  USA	  (USNM).	  More	  recent	  samples,	  which	  were	  specifically	  collected	  for	  
this	  work	  and	  deposited	  Museu	  Nacional	  de	  História	  Natural	  e	  da	  Ciência,	  Lisboa,	  were	  
obtained	  from	  Iberian	  rivers.	  
The	  examined	  material	  was	  obtained	   from	  several	   localities	   (Figure	  1),	   as	   follows:	  
United	  Kingdom	  (UK)	  –	  7	  specimens	  (♀),	  Breydon,	  Norfolk,	  NHM	  reg.	  1928.10.15;	  The	  
Netherlands	  (NL)	  –	  39	  specimens	  (29	  ♀,	  10	  ♂),	  Lemuiden,	  Brasemermeer,	  NNM	  reg.	  D	  
33181	  /	  D	  35642;	  France	  (F)	  –	  16	  specimens	  (13	  ♀	  ,	  3	  ♂),	  Gironde,	  NNM	  reg.	  D	  35177;	  
Spain	  (SP(NW))	  –	  13	  specimens	  (4	  ♀	  ,	  9	  ♂),	  Ria	  de	  Arosa,	  NNM	  reg.	  D	  19560;	  Portugal	  
(P(SW))	  –	  24	  specimens	  (12	  ♀,	  12	  ♂),	  Mira	  River,	  MB12-­‐003593;	  Portugal	  (P	  (S))	  –	  14	  
specimens	   (3	  ♀,	   11	  ♂),	  Guadiana	  River,	  MB12-­‐003592;	   Spain	   (SP(S))	   –	  26	   specimens	  
(18	  ♀,	  8	  ♂),	  Guadalquivir	  River,	  MB12-­‐003590/3591;	  Morocco	  (M)	  –	  15	  specimens	  (♀),	  
Bou	  Regreg	  by	  Rabat,	  NNM	   reg.	  D	   21421	   and	  22	  Km	  of	   Tanger,	  NNM	   reg.	  D	   38406;	  
Morocco	  (M)	  –	  15	  specimens	  (♂),	  Bou	  Regreg	  by	  Rabat,	  NNM	  reg.	  D	  21675;	  Tunisia	  (T)	  
–	  8	  specimens	  (4	  ♀,	  4	  ♂),	  Oued	  Miliane,	  USNM.	  I2/	  257793.	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Figure	   1	   -­‐	   Sampling	   localities	   along	   the	   Northeast	   Atlantic	   and	   Mediterranean	   where	   specimens	  
identified	   either	   as	   P.longirostris	   and	   P.garciacidi	   were	   analysed.	   UK	   -­‐	   United	   Kingdom,	   NL	   -­‐	   The	  
Netherlands,	  SP(NW)	  -­‐	  Northwest	  Spain,	  P(SW)	  -­‐	  Southwest	  Portugal,	  P(S)	  -­‐	  South	  Portugal,	  SP(S)	  -­‐	  South	  
Spain,	  M	  -­‐	  Morocco,	  T	  -­‐	  Tunisia.	  
	  
Morphometric	  analysis	  
The	   sample	   sizes	   from	   each	   site	   varied	   from	   3	   to	   29	   individuals.	   As	   prawns	  with	  
broken	  or	  missing	  appendages	  were	  not	   considered	   in	   the	  analyses,	  not	  all	  museum	  
collection	  specimens	  could	  be	  used.	  
Various	  morphological	   traits	  were	   identified,	   based	  on	   the	  distinguishing	   features	  
described	  by	  De	  Man	  (1915,	  1923),	  Zariquiey	  Alvarez	   (1968)	  and	  Lagardère	   (1971).	  A	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total	   of	   11	   different	   linear	   measurements	   were	   taken	   on	   each	   individual,	   using	   an	  
eyepiece	  micrometer	  under	  a	  binocular	  microscope.	  Measurements	  were	   taken	  with	  
an	   accuracy	   of	   0.05	  mm.	  Morphological	   measurements	   used	   were:	   carapace	   length	  
(CL),	   rostrum	   length	   (RL),	   rostrum	  height	   (RH),	   rostrum	  width	   (RW),	   length	  of	   carpus	  
(C2),	   lengths	  of	  propodus	   (P2)	  and	  dactylus	  of	   the	  second	  pereiopod	  (D2),	   lengths	  of	  
propodus	   (P5)	  and	  dactylus	  of	   the	   fifth	  pereiopod	   (D5),	   lengths	  of	   the	  shorter	   ramus	  
(SR)	  and	  of	  the	  fused	  portion	  of	  the	  outer	  antennular	  flagellum	  (FP)	  (Figure	  2).	  
	  
Figure	  2	   -­‐	  Measurements	   taken	  on	  the	  carapace	   (A),	  antennular	   flagellum	  (B),	   second	  (C)	  and	   fifth	   (D)	  
pereiopods:	  carapace	  length	  (CL),	  rostrum	  length	  (RL),	  rostrum	  height	  (RH),	  rostrum	  width	  (RW),	  length	  
of	  carpus	  (C2),	  propodus	  (P2)	  and	  dactylus	  (D2)	  of	  the	  second	  pereiopod,	   length	  of	  propodus	  (P5)	  and	  
dactylus	  (D5)	  of	  the	  fifth	  pereiopod,	  length	  of	  the	  shorter	  ramus	  (SR)	  and	  the	  fused	  portion	  (FP)	  of	  the	  
outer	  antennular	  flagellum.	  Drawn	  not	  to	  scale.	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As	   P.longirostris	   shows	   strong	   sexual	   dimorphism	   (Cartaxana,	   2003b),	   males	   and	  
females	   were	   analysed	   separately.	   Analyses	   on	   raw	   data,	   using	   linear	   least-­‐squares	  
regressions	   for	   each	   morphological	   measurement	   (dependent	   variables)	   against	  
carapace	   length	   (CL)	   (independent	   variable)	   were	   performed	   to	   identify	   outliers.	  
Individuals	  with	  body	  measurement	   values	   exceeding	  ±	   3	   standard	  deviations	  of	   the	  
raw	  regression	  residuals	  were	  discarded	  from	  subsequent	  analyses.	  
The	  main	  differences	  used	  to	  distinguish	  P.longirostris	  and	  P.garciacidi	  are	  usually	  
expressed	  as	  a	  ratio	  between	  measurements	  (De	  Man,	  1915,	  1923;	  Zariquiey	  Alvarez,	  
1968;	  Lagardère,	  1971),	  so	  the	  data	  obtained	  were	  converted	  to	  ratios	  for	  both	  sexes.	  
Thus,	  carapace	  length	  was	  divided	  by	  rostrum	  length	  (CLRL),	  rostrum	  height	  by	  rostrum	  
width	   (RHRW),	   carpus	   length	   by	   propodus	   length	   of	   the	   second	   pereiopod	   (C2P2),	  
carpus	  length	  by	  dactylus	  length	  of	  the	  second	  pereiopod	  (C2D2),	  propodus	  length	  by	  
dactylus	   length	  of	  the	  fifth	  pereiopod	  (P5D5)	  and	  the	   length	  of	  the	  shorter	  ramus	  by	  
the	  length	  of	  the	  fused	  portion	  of	  the	  outer	  antennular	  flagellum	  (SRFP).	  Significance	  
of	  differences	  in	  these	  ratios	  among	  populations	  was	  tested	  by	  MANOVA	  followed	  by	  
univariate	   ANOVAs.	   When	   variables	   were	   significantly	   different	   among	   groups,	   the	  
Tukey	  post-­‐hoc	  test	  for	  unequal	  sample	  sizes	  was	  used.	  
A	  multiple	  discriminant	   analysis	   (DA)	  was	   carried	  out	  using	  morphometric	   data	   in	  
order	   to	   search	   whether	   the	   prawn	   samples	   from	   the	   nine	   or	   eight	   populations	  
(females	  and	  males,	  respectively)	  could	  be	  distinguished	  based	  on	  shape.	  Discriminant	  
loadings	  were	  used	  to	  assess	  the	  relative	  importance	  of	  each	  independent	  variable	  in	  
discriminating	   among	   groups	   (McGarigal	   et	   al.,	   2002).	   The	   equality	   of	   means	  
(centroids)	  among	  groups	  was	  tested	  by	  MANOVA	  followed	  by	  univariate	  ANOVAs.	  The	  
Tukey	   post-­‐hoc	   HSD	   test	   was	   used	   to	   identify	   significant	   differences	   in	   discriminant	  
function	   1	   and	   2	   among	   populations.	   Classification	   was	   performed	   as	   an	   indirect	  
measure	  of	  the	  effectiveness	  of	  the	  canonical	  functions	  to	  discriminate	  among	  groups.	  
Fisher	  linear	  discriminant	  function	  was	  used	  to	  classify	  individual	  prawns	  into	  groups,	  
with	  prior	  probabilities	  proportional	  to	  group	  sizes.	  The	  classification	  accuracy	  for	  the	  
analyses	   was	   tested	   by	   the	   tau	   statistic	   (McGarigal	   et	   al.,	   2002).	   To	   investigate	   the	  
phenotypic	   relationships	   among	   the	   populations	   dendrograms	   were	   constructed	   for	  
Chapter	  2	  
 44	  
male	  and	  female,	  based	  on	  the	  Mahalanobis	  distances	  (D2)	  from	  group	  centroids,	  using	  
UPGMA	  cluster	  analysis	  (Sneath	  and	  Sokal,	  1973).	  
	  
Molecular	  analysis	  
Total	   genomic	   DNA	  was	   isolated	   from	   abdominal	  muscle	   tissue	   of	   2-­‐3	   specimens	  
from	  each	  location,	  using	  the	  standard	  SDS-­‐proteinase	  K/phenol-­‐chloroform	  procedure	  
(Hillis	   et	   al.,	   1996),	   in	   order	   to	   resolve	   variation	   in	   16S	   and	   COI	  mitochondrial	   (mt)	  
genes.	  	  
A	   segment	   of	   the	   mt	   16S	   ribosomal	   gene	   was	   amplified	   using	   universal	   primers	  
16Sar	   (Palumbi	   et	   al.,	   1991)	   and	   16S	   1472	   (Crandall	   and	   Fitzpatrick,	   1996).	   Double-­‐
stranded	  DNA	  was	  produced	  by	  amplification	  in	  a	  25	  μl	  reaction	  volume,	  containing	  1	  
unit	  of	  Taq	  DNA	  polymerase	  (Fermentas),	  1x	  reaction	  buffer,	  3	  mM	  MgCl2,	  each	  dNTP	  
at	  0.2	  mM,	  each	  primer	  at	  0.5	  μM	  and	  5M	  betaine	  (Sigma).	  A	  segment	  of	  the	  COI	  gene	  
was	   amplified	   using	   universal	   primers	   for	   invertebrates,	   LCOI	   1490	   and	   HCOI	   2198	  
(Folmer	  et	  al.	  1994)	  in	  25	  μl	  reaction	  volume,	  containing	  1	  unit	  of	  Taq	  DNA	  polymerase	  
(Fermentas),	  1x	  reaction	  buffer,	  2	  mM	  MgCl2,	  each	  dNTP	  at	  0.2	  mM	  and	  primers	  at	  0.3	  
μM.	  Two	   internal	  primers	   for	   the	  COI	   segment,	  COI	   long	   F	   (TATTTTCGGAGCTTGAGC)	  
and	  COI	  long	  R	  (GGAGTATAGTAATAGCTCC)	  were	  constructed.	  PCR	  amplifications	  were	  
carried	   out	   using	   the	   following	   temperature	   regime:	   an	   initial	   denaturation	   step	   of	  
94˚C	   for	  2	  min,	   followed	  by	  35	  cycles	  of	  94˚C	   for	  1min,	  an	  annealing	   temperature	  of	  
48-­‐50˚C	  for	  1min	  and	  an	  extension	  temperature	  of	  72˚C	  for	  2	  min.	  This	  was	  followed	  
by	  an	  additional	  extension	  of	  72˚C	  for	  2	  min.	  The	  PCR	  products	  were	  purified	  using	  the	  
Amersham	  DNA	  and	  Gel	  Band	  Purification	  kit	   (GFXTM	  PCR).	   Samples	  were	   sequenced	  
using	  an	  ABI	  PRISM	  3700	  DNA	  analyser	  at	  Macrogen	  (www.macrogen.com).	  For	  each	  
sample,	  sequencing	  was	  performed	  in	  both	  directions.	  Amplifications	  with	  the	  material	  
from	  the	  United	  Kingdom,	  France	  and	  Tunisia	  collections	  were	  unsuccessful	  probably	  
due	  to	  long	  preservation	  in	  Museum	  collections.	  Sequences	  of	  16S	  and	  COI	  fragments	  
were	  deposited	  in	  EMBL	  (accession	  numbers	  AJ640115-­‐AJ640129).	  
DNA	   sequences	   were	   aligned	   using	   BioEdit	   (version	   5.0.6)	   against	   the	   complete	  
mitochondrial	   genome	   of	   Penaeus	   monodon	   (EMBL:	   AF217843).	   Sequences	   of	   both	  
16S	  and	  COI	  fragments	  were	  used	  to	  define	  “composite”	  haplotypes.	  Genetic	  diversity,	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measured	   as	   nucleotide	   diversity	   (π)	   and	   haplotype	   diversity	   (h)	   (Nei,	   1987),	   was	  
obtained.	   The	   number	   of	   substitutions	   between	   haplotypes	   was	   used	   to	   construct	  
Minimum	  Spanning	  Network	  (MSN,	  Excoffier	  and	  Smouse,	  1994)	  to	  assess	  whether	  any	  
structuring	   of	   haplotypes	   could	   be	   recorded.	   Population	   genetic	   structure	   was	   also	  
examined	   using	   an	   analog	   of	   Wright’s	   FST,	  ΦST,	   estimated	   by	   analysis	   of	   molecular	  
variance	   (AMOVA,	   Excoffier	   et	   al.,	   1992).	   A	   hierarchical	   analysis	   of	   the	   population	  
subdivision	   was	   performed	   using	   two	   different	   a	   priori	   group	   definitions:	   (1)	   The	  
populations	  of	  The	  Netherlands	  +	  northwestern	  Spain	  and	  the	  populations	  of	  Portugal	  
+	   southern	   Spain	   +	   Morocco,	   according	   to	   Zariquiey	   Alvarez	   (1968)	   distribution	   of	  
P.longirostris	   and	   P.garciacidi;	   (2)	   the	   population	   of	   The	   Netherlands	   and	   the	  
populations	  of	  the	  Iberian	  Peninsula	  +	  Morocco,	  according	  to	  the	  morphometric	  data	  
obtained	  in	  the	  present	  study	  for	  female	  populations.	  The	  significance	  of	  the	  variance	  
components	   and	   associated	   Φ-­‐statistics	   were	   tested	   using	   5040	   nonparametric	  
random	  permutations.	  
The	   occurrence	   of	   historic	   population	   bottleneck	   and	   population	   growth	   events	  
were	   investigated	  with	   the	  neutrality	   tests	  Tajima’s	  D	   (Tajima,	  1989)	  and	  Fu’s	  Fs	   (Fu,	  
1997)	   and	   tested	   for	   significant	   departures	   from	   zero.	   A	   mismatch	   distribution	   of	  
pairwise	  nucleotide	  differences	  among	  the	  haplotypes	  with	  expectations	  of	  a	  sudden-­‐
expansion	   model	   was	   also	   performed.	   Following	   the	   method	   of	   Schneider	   and	  
Excoffier	   (1999)	   the	   parameters	   of	   demographic	   expansion	   were	   quantified:	   the	  
moment	  estimator	  of	  time	  to	  expansion	  (τ),	  the	  mutation	  parameter	  before	  (θ0	  =	  2µN0)	  
and	  following	  (θ1	  =	  2µN1)	  expansion,	  expressed	  in	  units	  of	  mutational	  time.	  N0	  and	  N1	  
are	   the	   effective	   population	   size	   before	   and	   following	   an	   expansion	   that	   occurred	   τ	  
generations	  ago.	  The	  confidence	  intervals	  around	  the	  parameters	  were	  obtained	  with	  
1000	  bootstrap	  replicates.	  The	  sum	  of	  square	  deviations	  (SSD)	  between	  the	  observed	  
and	   the	   expected	  mismatch	   was	   used	   as	   a	   statistic	   test	   for	   the	   estimated	   stepwise	  
expansion	  (Schneider	  and	  Excoffier,	  1999).	  
All	  numerical	  analyses	  were	  performed	  using	  the	  program	  ARLEQUIN	  version	  2.000	  
(Schneider	  et	  al.,	  2000).	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Results	  
Morphometric	  analysis	  
The	  mean	   female	  and	  male	   ratios	   (CLCR,	  RHRW,	  C2P2,	  C2D2,	  P5D5	  and	  SRFP)	   for	  
each	  population,	  ordered	  from	  northern	  to	  southern	  Northeast	  Atlantic	  regions	  and	  a	  
Mediterranean	   site	   are	   shown	   in	   Figures	   3	   and	   4,	   respectively.	   All	   variables	   vary	  
significantly	   among	   populations	   for	   both	   sexes	   (MANOVAs,	   p<	   0.05).	   There	   is	   a	  
gradient	   in	   the	   distribution	   of	   the	   data	   between	   northern	   and	   southern	   Atlantic	  
samples	   in	  what	  concerns	  rostrum	  measurements.	   In	  Atlantic	  northern	  regions	   (from	  
UK	   and	  NL	   to	   NW	   of	   Spain)	   the	   female	   rostrum	   is	   proportionally	   shorter	   and	  wider	  
than	   in	  southern	  ones	  (from	  Portugal	  to	  Morocco)	  and	  the	  differences	  are	  significant	  
(Tukey	   post-­‐hoc,	   p<	   0.05)	   (Figs	   3A,	   3B).	   The	   rostrum	   of	   the	  Mediterranean	   females	  
(Tunisia)	  is	  more	  similar	  to	  the	  northern	  Atlantic	  ones	  and	  the	  differences	  among	  them	  
are	  not	  significant	  (Tukey	  post-­‐hoc,	  p>	  0.05).	  Southern	  Atlantic	  male	  populations	  have	  
longer	  and	  slenderer	  rostra	  than	  northern	  ones	  (Figure	  4A,	  4B).	  The	  Portuguese	  male	  
populations	   are	   the	   ones	   with	   longest	   and	   slenderest	   rostra	   and	   are	   significantly	  
different	   from	   all	   the	   others	   (Tukey	   post-­‐hoc,	   p<	   0.05)	   except	   the	   southern	   Spain	  
population.	   Again,	   the	   rostrum	   of	   the	  Mediterranean	  males	   is	   similar	   to	   that	   of	   the	  
northern	  ones.	  In	  what	  concerns	  the	  remaining	  measurements,	  considerable	  overlap	  is	  
apparent	   for	   both	   sexes	   (Figures	   3C,	   D,	   E,	   F	   and	   4C,	   D,	   E,	   F).	   Southern	   female	  
populations	  show	  higher	  morphological	  variability	  than	  northern	  ones	  (Figure	  3A-­‐F).	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Figure	  3	  -­‐	  Mean	  ratios	  (±	  standard	  deviation,	  SD)	  of	  several	  female	  morphological	  measurements,	  from	  
the	   nine	   collecting	   sites:	   A-­‐carapace	   length/rostrum	   length	   (CLRL),	   B	   -­‐	   rostrum	   height/rostrum	  width	  
(RHRW),	  C	  -­‐	  carpus	  length/propodus	  length	  of	  the	  second	  pereiopod	  (C2P2),	  D	  -­‐	  carpus	  length	  /dactylus	  
length	   of	   the	   second	   pereiopod	   (C2D2),	   E	   -­‐	   propodus	   length/dactylus	   length	   of	   the	   fifth	   pereiopod	  
(P5D5)	  and	  F	  -­‐	  shorter	  ramus	  length	  /the	  fused	  portion	  length	  of	  the	  outer	  antennular	  flagellum	  (SRFP).	  
UK	  -­‐	  United	  Kingdom,	  NL	  -­‐	  The	  Netherlands,	  SP(NW)	  -­‐	  Northwest	  Spain,	  P(SW)	  -­‐	  Southwest	  Portugal,	  P(S)	  
-­‐	  South	  Portugal,	  SP(S)	  -­‐	  South	  Spain,	  M	  -­‐	  Morocco,	  T	  -­‐	  Tunisia.	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Figure	  4	  –	  Mean	  ratios	  (±	  1	  standard	  deviation,	  SD)	  of	  several	  male	  morphological	  measurements,	  from	  
the	   eight	   collecting	   sites:	   A-­‐carapace	   length/rostrum	   length	   (CLRL),	   B	   -­‐	   rostrum	  height/rostrum	  width	  
(RHRW),	  C	  -­‐	  carpus	  length/propodus	  length	  of	  the	  second	  pereiopod	  (C2P2),	  D	  -­‐	  carpus	  length	  /dactylus	  
length	   of	   the	   second	   pereiopod	   (C2D2),	   E	   -­‐	   propodus	   length/dactylus	   length	   of	   the	   fifth	   pereiopod	  
(P5D5)	  and	  F	  -­‐	  shorter	  ramus	  length	  /the	  fused	  portion	  length	  of	  the	  outer	  antennular	  flagellum	  (SRFP).	  	  
UK	  -­‐	  United	  Kingdom,	  NL	  -­‐	  The	  Netherlands,	  SP(NW)	  -­‐	  Northwest	  Spain,	  P(SW)	  -­‐	  Southwest	  Portugal,	  P(S)	  
-­‐	  South	  Portugal,	  SP(S)	  -­‐	  South	  Spain,	  M	  -­‐	  Morocco,	  T	  -­‐	  Tunisia.	  
	  
Discrimination	   between	   groups	   is	   highly	   significant	   for	   females	   (Wilk’s	   lambda:	  
0.2528,	   Fs(48,481)=10.46,	   p<0.001)	   and	   males	   (Wilk’s	   lambda:	   0.0140,	   Fs(42,280)=9.91,	  
p<0.001).	   The	   variables	   used	   in	   the	   analysis	   are	   listed	   in	   Table	   1.	   In	   females,	   two	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discriminant	   functions	   (roots)	  account	   for	  83.3	  %	  of	   the	  explained	  variance.	  The	   first	  
discriminant	   function	   accounts	   for	   68.3%	   of	   the	   explained	   variance	   and	   is	   weighed	  
mostly	  by	   the	   rostrum	  ratios	  RHRW	  and	  CLCR.	  The	  variable	   that	  weighs	  more	   to	   the	  
second	   discriminant	   function	   (15%)	   is	   the	   C2D2	   ratio	   (table	   1).	   The	   nine	   group	  
centroids	   are	   significantly	   different	   (MANOVA,	   p<	   0.05).	   A	   plot	   of	   the	   first	   two	  
canonical	   variates	   (Figure	   5A)	   shows	   that	   although	   there	   is	   some	   individual	   overlap,	  
the	   northern	   Atlantic	   regions	   (UK	   and	   NL)	   are	   fairly	   separated	   from	   the	   southern	  
regions	   (Portugal,	   Spain	   and	   Morocco)	   by	   root	   1	   (Tukey	   pos-­‐hoc,	   p<	   0.05).	   The	  
population	  of	  France	  differs	  significantly	  from	  all	  other	  populations	  (Tukey	  pos-­‐hoc,	  p<	  
0.05).	   The	   Iberian	   Peninsula	   and	   Moroccan	   populations	   do	   not	   show	   significant	  
differences	  (Tukey	  pos-­‐hoc,	  p>	  0.05).	  The	  Tunisian	  population	  differs	  significantly	  from	  
the	  populations	  of	  France,	  southwestern	  Portugal,	  southern	  Spain	  and	  Morocco	  (Tukey	  
pos-­‐hoc,	  p<	  0.05).	  The	  discriminant	  function	  2	  does	  not	  clearly	  separate	  the	  different	  
geographic	   populations.	   However,	   the	   northern	   populations	   of	   UK	   and	   NL	   are	   still	  
similar	  (Tukey	  pos-­‐hoc,	  p>	  0.05)	  and	  the	  populations	  from	  the	  Southwest	  of	  Portugal	  to	  
Morocco	  show	  no	  significant	  differences	  (Tukey	  pos-­‐hoc,	  p>	  0.05)	  between	  them.	  The	  
Tunisian	   population	   is	   not	   significantly	   different	   from	   the	   United	   Kingdom	   and	  
northwestern	  Spain	  populations	  (Tukey	  pos-­‐hoc,	  p>0.05).	  	  
	  
Table	   1	   -­‐	   Discriminant	   loadings	   for	   the	   studied	   characters,	   eigenvalues	   and	   percentage	   of	  
variance	  explained	  by	   the	   first	   two	  canonical	   functions	   for	  male	  and	   female	  analysis.	  CLRL	   -­‐	  
carapace	   length/rostrum	   length,	   RHRW	   -­‐	   rostrum	   height/rostrum	   width,	   C2P2	   –	   carpus	  
length/propodus	  length	  of	  the	  second	  pereiopod,	  C2D2	  –	  carpus	  length/dactylus	  length	  of	  the	  
second	   pereiopod,	   P5D5	   –	   propodus	   length/dactylus	   length	   of	   the	   fifth	   pereiopod,	   SRFP	   –	  
length	  of	  the	  shorter	  ramus/length	  of	  the	  fused	  portion	  of	  the	  outer	  antennular	  flagellum	  (see	  
Figure	  2).	  
	   Discriminant	  loadings	   	   Discriminant	  loadings	  
Variable	   Function	  1	   Function	  2	   Variable	   Function	  1	   Function	  2	  
Female	   	   	   Male	   	   	  
CLRL	   0.673	   	  	  	  	  	  	  -­‐0.486	   CLRL	   0.061	   0.793	  
RHRW	   	  	  	  	  -­‐	  	  0.640	   0.181	   RHRW	   -­‐0.216	   -­‐0.284	  
C2D2	   0.244	   0.725	   C2D2	   0.629	   -­‐0.033	  
C2P2	   0.087	   0.400	   C2P2	   0.511	   -­‐0.152	  
P5D5	   0.041	   0.428	   P5D5	   0.304	   -­‐0.308	  
SRFP	   0.330	   0.263	   SRFP	   0.123	   -­‐0.379	  
Eigenvalue	   5.296	   1.161	   Eigenvalue	   6.035	   1.958	  
%	  of	  variance	   	  	  	  	  	  68.3	   	  	  	  	  	  	  15.0	   %	  of	  variance	   63.3	   20.5	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Figure	   5	   -­‐	   Plot	   of	   individuals	   and	   group	   centroids	   of	   canonical	   variables	   1	   and	   2,	   based	   on	   the	  
morphometric	   characters.	   A	   -­‐	   females,	   from	   nine	   location	   groups;	   B	   -­‐	   males,	   from	   eight	   location	  
groups.UK	   -­‐	   United	   Kingdom,	   NL	   -­‐	   The	   Netherlands,	   SP(NW)	   -­‐	   Northwest	   Spain,	   P(SW)	   -­‐	   Southwest	  
Portugal,	  P(S)	  -­‐	  South	  Portugal,	  SP(S)	  -­‐	  South	  Spain,	  M	  -­‐	  Morocco,	  T	  -­‐	  Tunisia.	  Arbitrary	  data	  envelopes	  
were	  drawn	  to	  assign	  location	  points	  to	  species	  status	  in	  literature.	  	  
	  
In	  the	  analysis	  of	  males,	  the	  first	  two	  discriminant	  functions	  account	  for	  63.3%	  and	  
20.5%,	  respectively,	  of	  the	  explained	  variance	  (Table	  1).	  The	  variables	  that	  weigh	  more	  
for	  root	  1	  are	  the	  ones	  of	  the	  second	  pereiopod	  (C2D2	  and	  C2P2).	  CLRL	  is	  the	  variable	  
with	   a	   greater	   contribution	   to	   root	   2	   (Table	   1).	   Significant	   differences	   are	   observed	  
among	   the	   eight	   group	   centroids	   (MANOVA,	   p<0.05).	   A	   plot	   of	   the	   first	   two	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discriminant	   functions	   shows	   a	   great	   overlap	   of	   individuals	   from	   the	   studied	  
populations	  (Figure	  5B).	  The	  separation	  achieved	  by	  discriminant	  function	  1	  shows	  no	  
geographic	   pattern	   but	   the	   differences	   between	   populations	   are,	   in	   most	   cases,	  
significant	  (Tukey	  pos-­‐hoc,	  p<0.05).	  The	  analysis	  of	  the	  discriminant	  function	  2	  shows	  
some	  geographic	  population	  split-­‐up.	  The	  populations	  of	  The	  Netherlands,	  France	  and	  
Tunisia	   (Mediterranean)	   are	   not	   significantly	   different	   (Tukey	   pos-­‐hoc,	   p>0.05).	   The	  
northwestern	   Spain	   population	   is	   not	   significantly	   different	   from	   the	   others	   of	   the	  
Iberian	  Peninsula	  and	  Morocco	  (Tukey	  pos-­‐hoc,	  p>0.05).	  However,	  there	  are	  significant	  
differences	  between	  the	  Portuguese	  and	  southern	  Spain/Morocco	  populations	  (Tukey	  
pos-­‐hoc,	   p<0.05).	   The	   correct	   classification	   rates	   range	   from	   33.3	   to	   100%,	   with	   an	  
overall	   rate	   of	   76.2%	   for	   females	   and	   from	   to	   66.7	   to	   100%,	  with	   an	   overall	   rate	   of	  
87.5%	   for	   males	   (Table	   2)	   which	   is	   significantly	   better	   than	   chance	   (tau	  
statistic(females)=0.72;	  tau	  statistic(males)=0.85,	  respectively).	  
	  
Table	   2	   -­‐	   Classification	   results	   of	   the	   female	   and	   male	   discriminant	   analyses.	   UK	   –	   United	  
Kingdom,	  NL	  –	  The	  Netherlands,	  SP(NW)	   -­‐	  Northwest	  Spain,	  P(SW)	   -­‐	   Southwest	  Portugal,	  P(S)	   -­‐	  
South	  Portugal,	  SP(S)	  -­‐	  South	  Spain,	  M	  -­‐	  Morocco,	  T	  -­‐	  Tunisia.	  
	   	   	   Number	  of	  prawns	  classified	  into	  groups	  
Groups	   N	   Percent	  
correct	  
UK	   NL	   F	   SP(NW)	   P(SW)	   P(S)	   SP(S)	   M	   T	  
Female	   	   	   	   	   	   	   	   	   	   	   	  
UK	   	  	  	  	  	  7	   42.9	   3	   4	   0	   0	   0	   0	   0	   0	   0	  
NL	   	  	  	  29	   	  	  	  	  	  	  	  	  100.0	   0	   	  	  	  29	   0	   0	   1	   0	   0	   0	   0	  
F	   	  	  	  13	   76.9	   0	   3	   	  	  	  10	   0	   0	   0	   0	   0	   0	  
SP(NW)	   	  	  	  	  	  4	   100.0	   0	   0	   0	   4	   0	   0	   0	   0	   0	  
P(SW)	   	  	  	  12	   58.3	   0	   3	   0	   0	   7	   0	   2	   0	   0	  
P(S)	   	  	  	  	  	  3	   33.3	   0	   0	   0	   1	   1	   1	   0	   0	   0	  
SP(S)	   	  	  	  18	   77.8	   0	   0	   0	   0	   2	   0	   	  	  	  14	   2	   0	  
M	   	  	  	  15	   60.0	   0	   0	   0	   1	   2	   0	   3	   	  	  	  9	   0	  
T	   	  	  	  	  	  4	   75.0	   1	   0	   0	   0	   0	   0	   0	   0	   3	  
TOTAL	   	  105	   76.2	   	   	   	   	   	   	   	   	   	  
Male	   	   	   	   	   	   	   	   	   	   	   	  
NL	   	  	  10	   80.0	   -­‐	   8	   0	   0	   0	   0	   0	   2	   0	  
F	   	  	  	  	  3	   66.7	   -­‐	   0	   2	   0	   0	   0	   1	   0	   0	  
SP(NW)	   	  	  	  	  9	   88.9	   -­‐	   0	   0	   8	   0	   0	   0	   1	   0	  
P(SW)	   	  	  12	   	  83.3	  	  	  	  	   -­‐	   0	   0	   1	   	  	  	  10	   1	   0	   0	   0	  
P(S)	   	  	  11	   90.9	   -­‐	   0	   0	   0	   0	   	  	  	  10	   0	   1	   0	  
SP(S)	   8	   	  	  	  	  	  	  	  	  100.0	   -­‐	   0	   0	   0	   0	   0	   8	   0	   0	  
M	   	  	  15	   86.7	   -­‐	   0	   0	   0	   1	   1	   0	   	  	  	  13	   0	  
T	   4	   	  	  	  	  	  	  	  	  100.0	   -­‐	   0	   0	   0	   0	   0	   0	   0	   4	  
TOTAL	   	  	  72	   87.5	   -­‐	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The	   dendrogram	   (Figure	   6A)	   derived	   from	   the	   cluster	   analysis	   based	   on	  
morphometric	   characters	   confirms	   the	   separation	   among	   northern	   and	   southern	  NE	  
Atlantic	   female	   populations.	   The	   Mediterranean	   population	   is	   more	   similar	   to	   the	  
northern	  Atlantic	  ones	  than	  to	  the	  southern	  ones.	  In	  males	  (Figure	  6B)	  no	  geographic	  
structure	  is	  observed.	  
	  
	  
Figure	   6	   –	   Dendrograms	   derived	   from	   cluster	   analyses	   of	   Mahalanobis	   distances	   for	   morphometric	  
measurements.	  A	  -­‐	  females;	  B	  -­‐	  males.	  UK	  -­‐	  United	  Kingdom,	  NL	  -­‐	  The	  Netherlands,	  SP(NW)	  -­‐	  Northwest	  
Spain,	  P(SW)	  -­‐	  Southwest	  Portugal,	  P(S)	  -­‐	  South	  Portugal,	  SP(S)	  -­‐	  South	  Spain,	  M	  -­‐	  Morocco,	  T	  -­‐	  Tunisia.	  
	  
Molecular	  analysis	  
Segments	  of	  16S	  and	  COI	  mt	  DNA	  (434	  and	  532	  bp,	  respectively)	  were	  successfully	  
sequenced	  in	  thirteen	  samples.	  Nucleotide	  composition	  of	  16S	  region	  is	  biased,	  with	  a	  
deficit	  of	  cytosine	   (11.3%)	  and	  guanine	   (19.2%)	  compared	  to	  adenosine	  and	  thymine	  
(33.9%	   and	   35.7%,	   respectively).	   Three	   (0.7%)	   base	   positions	   are	   variable,	   with	   one	  
transition,	   one	   transversion	   and	   one	   deletion.	   The	   nucleotide	   composition	   of	   COI	  
region	   is	   also	   biased,	   with	   a	   deficit	   of	   cytosine	   and	   guanine	   (18.8%	   and	   18.4%,	  
respectively)	   when	   compared	   to	   adenosine	   (26.1%)	   and	   thymine	   (36.8%).	   Eleven	  
(2.1%)	   base	   positions	   are	   variable,	   corresponding	   to	   ten	   transitions	   and	   one	  
transversion.	  Most	   substitutions	   (81.8%)	   are	   in	   third	   codon	   positions,	  with	   only	   two	  
(18.2%)	  in	  first	  codon	  positions.	  
Morphometric	  and	  molecular	  analyses	  
 53	  
	  
Table	  3	  -­‐	  Sequence	  variation	  in	  COI	  and	  16s	  mt	  DNA.	  Site	  designations	  are	  nucleotide	  positions	  relative	  
to	  the	  end	  of	  the	  forward	  primer.	  NL	  -­‐	  The	  Netherlands,	  SP(NW)	  -­‐	  Northwest	  Spain,	  P(SW)	  -­‐	  Southwest	  
Portugal,	  P(S)	  -­‐	  South	  Portugal,	  SP(S)	  -­‐	  South	  Spain,	  M	  -­‐	  Morocco.	  Hyphen	  indicates	  deletions.	  
	  
	  
Eleven	   “composite”	   haplotypes	   are	   identified,	   leading	   to	   a	   high	   estimate	   of	  
haplotype	   diversity	   (h	   ±	   SE	   =	   0.97	   ±	   0.04),	   especially	   due	   to	   substitutions	   in	   COI	  
sequences	  (Table	  3).	  Only	  two	  haplotypes	  are	  shared	  by	  different	  populations,	  H1	  by	  
specimens	   from	   Netherlands	   and	   south	   of	   Portugal	   and	   H5	   by	   specimens	   from	  
southwest	  and	  south	  of	  Portugal.	  On	  the	  other	  hand,	  nucleotide	  diversity	  is	  very	  low	  (π	  
±	  SE	  =	  0.033	  ±	  0.002)	  reflecting	  the	  high	  similarity	  of	  sequences.	  Haplotypes	  differ	  by	  
one	  to	  eight	  substitutions,	  leading	  to	  estimates	  of	  pairwise	  sequence	  divergence	  from	  
0.10%	   to	   0.81%	   (Table	   4).	   The	   largest	   haplotypic	   differences	   are	   found	   among	  
specimens	  from	  Morocco	  (H9,	  H10	  and	  H11)	  and	  all	  the	  others.	  Analysis	  of	  molecular	  
variance	   (AMOVA)	   within	   the	   sequence	   data	   set	   (Table	   5)	   suggest	   no	   subdivision	  
among	   populations	   (ΦST	   =	   0.191,	   P	   =	   0.058).	   The	   hierarchical	   AMOVAs	   with	   two	  
different	   geographical	   groupings	   (Table	   5)	   show	   statistically	   non-­‐significant	   among-­‐
groups	  and	  within-­‐population	  variation	  (AMOVA,	  ps>0.05).	  Only	  differentiation	  among	  
populations	   within	   groups	   proves	   to	   be	   statistically	   significant	   (AMOVA,	   ps<0.05).	  
Variance	  between	  groups,	  in	  any	  of	  the	  considered	  a	  priori	  geographic	  subdivisions,	  is	  
very	   low	   (11.73	   and	   3.93).	   The	   ΦST	   values	   are	   low,	   indicating	   high	   levels	   of	  
contemporary	  gene	  flow	  or	  recent	  origin	  of	  some	  populations.	  
	  
	  
	  
COI	   	   16S	   	   Number	  of	  each	  haplotype	  per	  sample	  
	  
Haplotype	  
	  
3	  
4	  
	  
9	  
2	  
1	  
9	  
0	  
2	  
3	  
5	  
2	  
8	  
6	  
2	  
8	  
9	  
4	  
0	  
3	  
4	  
1	  
5	  
4	  
2	  
8	  
4	  
6	  
3	  
4	  
8	  
1	  
	   	  
	  
6	  
	  
1	  
4	  
2	  
4	  
2	  
	  
NL	   SP	  (NW)	  
P	  
(SW)	  
P	  
(S)	  
SP	  
(S)	   M	  
1	   T	   A	   C	   A	   T	   G	   A	   T	   A	   A	   G	   	   A	   G	   T	   	   1	   	   	   1	   	   	  
2	   .	   .	   .	   .	   .	   .	   .	   C	   G	   T	   .	   	   .	   .	   .	   	   1	   	   	   	   	   	  
3	   .	   G	   .	   .	   .	   .	   .	   .	   .	   T	   .	   	   .	   .	   .	   	   	   1	   	   	   	   	  
4	   .	   G	   .	   .	   .	   .	   .	   .	   .	   T	   A	   	   .	   .	   .	   	   	   1	   	   	   	   	  
5	   .	   .	   .	   .	   .	   .	   .	   .	   .	   T	   .	   	   .	   .	   .	   	   	   	   1	   1	   	   	  
6	   .	   G	   .	   .	   .	   .	   G	   .	   .	   T	   .	   	   .	   .	   .	   	   	   	   1	   	   	   	  
7	   .	   .	   .	   .	   .	   .	   .	   .	   .	   T	   .	   	   T	   .	   .	   	   	   	   	   	   1	   	  
8	   .	   .	   .	   .	   .	   A	   .	   .	   .	   .	   .	   	   .	   .	   .	   	   	   	   	   	   1	   	  
9	   .	   G	   .	   G	   .	   .	   .	   C	   .	   T	   .	   	   .	   .	   .	   	   	   	   	   	   	   1	  
10	   .	   G	   .	   G	   .	   .	   .	   .	   .	   T	   .	   	   .	   -­‐	   C	   	   	   	   	   	   	   1	  
11	   T	   G	   T	   G	   C	   A	   .	   .	   .	   T	   .	   	   .	   .	   .	   	   	   	   	   	   	   1	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Table	   4	   -­‐	   Proportion	   of	   nucleotide	   site	   differences	   between	   pairs	   of	   haplotypes	   is	   presented	   above	   the	  
diagonal;	  the	  ratio	  of	  transition	  mutations	  to	  transversion	  mutations	  for	  each	  pairwise	  comparison	  is	  given	  
below	  the	  diagonal.	  
Haplotypes	   1	   2	   3	   4	   5	   6	   7	   8	   9	   10	   11	  
1	   -­‐	   0.304	   0.203	   0.304	   0.101	   0.304	   0.203	   0.101	   0.406	   0.507	   0.710	  
2	   2	  /	  1	   -­‐	   0.304	   0.406	   0.203	   0.406	   0.304	   0.406	   0.304	   0.609	   0.811	  
3	   1	  /	  1	   3	  /	  0	   -­‐	   0.101	   0.101	   0.101	   0.304	   0.203	   0.203	   0.304	   0.507	  
4	   2	  /	  1	   4	  /	  0	   1	  /	  0	   -­‐	   0.203	   0.203	   0.304	   0.406	   0.304	   0.406	   0.609	  
5	   0	  /	  1	   2	  /	  0	   1	  /	  0	   2	  /	  0	   -­‐	   0.203	   0.101	   0.203	   0.304	   0.406	   0.609	  
6	   2	  /	  1	   4	  /	  0	   1	  /	  0	   2	  /	  0	   2	  /	  0	   -­‐	   0.304	   0.406	   0.304	   0.406	   0.609	  
7	   0	  /	  2	   2	  /	  1	   1	  /	  1	   2	  /	  1	   0	  /	  1	   2	  /	  1	   -­‐	   0.304	   0.406	   0.507	   0.710	  
8	   1	  /	  0	   3	  /	  1	   2	  /	  1	   3	  /	  1	   1	  /	  1	   3	  /	  1	   1	  /	  2	   -­‐	   0.507	   0.609	   0.609	  
9	   3	  /	  1	   3	  /	  0	   2	  /	  0	   3	  /	  0	   3	  /	  0	   3	  /	  0	   3	  /	  1	   4	  /	  1	   -­‐	   0.304	   0.507	  
10	   	  3	  /	  1*	   	  5	  /	  0*	   	  2	  /	  0*	   	  3	  /	  0*	   	  3	  /	  0*	   	  3	  /	  0*	   	  3	  /	  1*	   	  4	  /	  1*	   	  2	  /	  0*	   -­‐	   0.609	  
11	   6	  /	  1	   8	  /	  0	   5	  /	  0	   6	  /	  0	   6	  /	  0	   6	  /	  0	   6	  /	  1	   5	  /	  1	   5	  /	  0	   5	  /	  0	   -­‐	  
*	  -­‐	  deletion	  	  
	  
	  
Table	  5	  -­‐	  AMOVA	  results	  for	  populations	  of	  P.longirostris	  /	  P.garciacidi,	  considering	  only	  one	  group	  and	  
two	  different	  subdivisions.	  P-­‐values	  are	  based	  on	  5040	  permutations.	  AP,	  AG,	  AP/WG	  and	  WP	  are	  the	  
among-­‐populations,	   among-­‐groups,	   among-­‐populations/within-­‐groups,	   and	   within-­‐populations	  
components	   of	   variation,	   respectively.	   NL	   -­‐	   The	   Netherlands,	   SP(NW)	   -­‐	   Northwest	   Spain,	   P(SW)	   -­‐	  
Southwest	  Portugal,	  P(S)	  -­‐	  South	  Portugal,	  SP(S)	  -­‐	  South	  Spain,	  M	  -­‐	  Morocco.	  	  
Groupings	   Divisions	   Variance	  
component	  
%	  Total	  
variance	   Φ-­‐statistics	   P	  
	   	   	   	   	   	  
One	  group	   -­‐	   AP	   19.08	   ΦST=	  0.191	   0.058	  
WP	   80.92	  
According	  to	  
Zariquiey	  Alvarez	  
(1968)	  
	  
NL	  +	  SP(NW)	  /	  
P(SW,S)	  +	  SP(S)	  +	  M	  
	  
AG	   	  	  	  	  	  	  -­‐11.73	   ΦCT=	  -­‐0.117	   0.865	  
AP/WG	   26.20	   ΦSC=	  0.234	   	  0.044*	  
WP	   85.54	   ΦST=	  0.145	   0.081	  
According	  to	  
morphometric	  
data	  
	  
NL	  /	  	  
Iberian	  Peninsula	  +	  M	  
AG	   -­‐3.93	   	  ΦCT=	  -­‐0.039	   0.342	  
AP/WG	   20.82	   ΦSC=	  0.200	   	  0.034*	  
WP	   83.11	   ΦST=	  0.169	   0.071	  
*	  significant	  differences	  	  
	  
In	  most	  cases,	  haplotypes	   from	  the	  same	  population	  are	  apart	   from	  each	  other	   in	  
the	  Minimum	  Spanning	  Network	  (MSN).	  The	  Moroccan	  haplotypes	  (H9,	  H10	  and	  H11)	  
differ	   among	   them	   by	   a	   greater	   number	   of	   steps	   (3-­‐8	   steps)	   than	   do	   the	   other	  
populations’	   haplotypes,	   varying	   from	   two	   (Northwest	   of	   Spain)	   to	   four	   mutational	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steps	   (The	   Netherlands).	   Geographically	   distant	   localities,	   as	   The	   Netherlands	   and	  
Portugal,	  share	  the	  same	  haplotype	  (MSN,	  Figure	  7).	  	  
	  
	  
	  
Figure	  7	  –	  Minimum-­‐spanning	  network	  presenting	  relationships	  between	  the	  11	  “composite”	  haplotypes	  
(H1-­‐H11),	   resolved	   from	   fragments	   of	   the	   16S	   and	   COI	  mitochondrial	   genes.	   Black	   dots	   between	   the	  
haplotypes	   indicate	  the	  number	  of	  base	  differences.	  NL	  -­‐	  The	  Netherlands,	  SP(NW)	  -­‐	  Northwest	  Spain,	  
P(SW)	  -­‐	  Southwest	  Portugal,	  P(S)	  -­‐	  South	  Portugal,	  SP(S)	  -­‐	  South	  Spain,	  M	  -­‐	  Morocco.	  
	  
Since	  no	  evidence	  of	  genetic	  differentiation	   is	  observed,	  the	  data	  were	  pooled	  for	  
further	  analyses.	  The	  Tajima’s	  D	  is	  negative	  but	  not	  significant	  (D	  =	  -­‐1.068,	  p	  =	  0.158).	  
Fu’s	  Fs	  is	  negative	  and	  significant	  (Fs	  =	  -­‐6.940,	  p	  =	  0.000),	  supporting	  the	  hypothesis	  of	  
demographic	  expansion.	  The	  mismatch	  distribution	  fits	  well	  the	  predicted	  distribution	  
under	   a	   model	   of	   sudden	   expansion	   (Figure	   8).	   Considering	   the	   99%	   confidence	  
interval	   generated	   by	   the	   simulations,	   the	   observed	   number	   of	   polymorphic	   sites	   is	  
consistent	   with	   simulated	   sites,	   suggesting	   that	   the	   parameters	   estimated	   by	   the	  
model	   are	   sufficiently	   accurate	   to	   account	   for	   the	   observed	   polymorphism	   (SSD	   =	  
0.005,	  p	  =	  0.715).	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Figure	  8	  -­‐	  Mismatch	  distribution	  of	  the	  Northeastern	  Atlantic	  assemblages	  of	  P.longirostris	  /P.garciacidi,	  
based	   on	   the	   986-­‐bp	   segment	   of	   COI	   and	   16S.	   The	   abscissa	   represents	   the	   number	   of	   pairwise	  
differences	   and	   the	   ordinate	   represents	   the	   proportion	   of	   observations.	   The	   vertical	   bars	   are	   the	  
observed	  distribution	  of	  mismatches	  and	  the	  smoothed	  line	  represents	  the	  expected	  distribution	  under	  
the	  sudden-­‐expansion	  model	  as	  modified	  by	  Schneider	  and	  Excoffier	  (1999).	  
	  
Discussion	  
Morphometric	   analyses	   show	   that	   there	   is	   variation	   in	   the	  morphology	   of	   prawn	  
populations,	   identified	   either	   as	   P.longirostris	   or	   P.garciacidi,	   along	   the	   Northeast	  
Atlantic	   Ocean	   and	   Mediterranean	   Sea.	   In	   males,	   the	   observed	   variation	   does	   not	  
show	   any	   obvious	   geographic	   pattern,	   but	   in	   females	   a	   geographic	   structure	   can	   be	  
observed.	   In	   females,	   the	   rostrum	   length	   and	   shape	   presents	   the	   most	   striking	  
gradient	   between	   northern	   and	   southern	   populations.	   The	   rostrum	   features	   have	  
been,	  in	  fact,	  assigned	  as	  the	  most	  important	  to	  distinguish	  between	  the	  two	  forms	  or	  
species	  (De	  Man,	  1923;	  Zariquiey	  Alvarez,	  1968;	  Lagardère	  1971).	  However,	  following	  
the	   Zariquiey	   Alvarez	   (1968)	   key,	   differences	   in	   rostrum	  morphometrics	   lead	   to	   the	  
identification	  of	  males	  as	  P.longirostris	  and	  females	  as	  P.garciacidi.	  In	  many	  species	  of	  
palaemonidae	   the	   rostrum	   exhibits	   considerable	   variation	   in	   shape,	   as	   in	   Palaemon	  
concinnus	  (De	  Grave	  1999).	  Macrobrachium	  australiense	  and	  M.rosenbergii	  also	  show	  
considerable	   rostrum	  variation	  over	   their	  distributional	   range	   (Dimmock	  et	  al.,	  2004;	  
Short,	   2004).	   Only	   females	   in	   the	   studied	   populations	   present	   a	   gradient	   for	   the	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analysed	   characters,	   which	   leads	   to	   the	   separation	   of	   the	   Iberian	   and	   Moroccan	  
populations	  from	  the	  northerly	  studied	  ones.	  The	  Mediterranean	  female	  population	  is	  
morphologically	   similar	   to	   the	   northern	   Atlantic	   ones,	   as	   observed	   by	   Holthuis	   and	  
Gottlieb	   (1958).	   Females	   of	   the	   European	   lobster,	  Homarus	   gammarus,	   also	   exhibit	  
morphological	   variation	   among	   sites	   in	   the	   United	   Kingdom	   and	   are	   more	  
differentiated	   than	   males	   (Debuse	   et	   al.,	   2002).	   These	   authors	   suggest	   that	   female	  
morphology	  may	  respond	  more	  strongly	  to	  local	  selective	  pressures	  than	  that	  of	  males.	  
The	  morphometric	  analysis	  conducted	  in	  this	  study	  detected	  significant	  differences	  
in	   the	   data	   sets	   of	   measurements	   assigned	   to	   the	   various	   studied	   populations.	  
However,	   individual	   prawns	   cannot	   be	   assigned	   unequivocally	   to	   one	   of	   the	   studied	  
populations.	   In	   fact,	  data	   for	   individual	  prawns	   from	   the	   several	   studied	  populations	  
overlap,	   both	   when	   considering	   the	   studied	   ratios,	   and	   when	   analysing	   the	  
morphometric	  data	  as	  a	  whole.	  Considerable	  overlap	  in	  characters	  also	  occurs	  among	  
subspecies	  of	  M.	  australiense,	  in	  spite	  the	  existence	  of	  some	  geographic	  pattern	  (Lee,	  
1979;	   Short,	   2004).	   The	   authors	   concluded	   that	   the	   differences	  were	   not	   consistent	  
enough	  to	  warrant	  the	  subdivision	  in	  four	  subspecies.	  The	  intra	  and	  interpopulational	  
variability	   in	   morphological	   characteristics	   also	   prevented	   a	   clear	   separation	   of	  
Palaemonetes	   ivonicus	   and	   P.carteri	   (Garcia-­‐Dávila	   2005).	  Morphometric	   differences	  
between	  populations	  of	  the	  same	  species	  are	  expected,	  even	  in	  those	  with	  planktonic	  
larval	   stages	   and	   they	   do	   not	   always	   lead	   to	   the	   recognition	   of	   different	   species	  
(Henderson	   et	   al.,	   1990;	   De	   Grave	   and	   Diaz,	   2001).	   The	   observed	   variability	   and	  
gradients	  of	  morphometric	  ratios	  and	  the	  lack	  of	  good	  diagnostic	  characters	  separating	  
P.longirostris	  from	  P.garciacidi,	  suggest	  that	  phenotypic	  plasticity	  might	  be	  the	  source	  
of	  variation	  among	  populations.	  Prawns	  of	  the	  genus	  Macrobrachium	  (Dimmock	  et	  al.,	  
2004)	   and	   Palaemonetes	   (Garcia-­‐Dávila,	   2005),	   show	   a	   highly	   variable	   phenotypic	  
expression	   of	   external	   morphological	   traits	   that	   appears	   to	   result	   from	   local	  
environmental	   conditions.	   In	   several	   crustacean	   populations	   the	   variability	   in	  
morphologic	   characteristics	   has	   been	   referred	   as	   possible	   adaptive	   responses	   to	   the	  
environment	  (Cuesta	  and	  Schubart,	  1998;	  Grandjean	  et	  al.,	  1998;	  Sarda	  et	  al.,	  1998).	  
Although	   the	   threshold	   level	   for	   ‘species-­‐level’	   distinction	   varies	   greatly	   between	  
decapod	  families	  and	  genera,	  molecular	  data	  seem	  to	  corroborate	  the	  morphological	  
analyses.	   The	   levels	   of	   sequence	   divergence	   observed	   among	   the	   16S	   and	   COI	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‘composite’	   haplotypes	   from	   distinct	   populations	   are	   considerably	   smaller	   (0.1%	   to	  
0.8%)	   than	  the	   interspecific	  16S	   rRNA	  and	  COI	  divergence	   levels	   reported	   for	  several	  
other	  crustacean	  taxa.	  Studying	  the	  molecular	  phylogeny	  of	  the	  genus	  Palaemon	  from	  
Europe,	   J.	   A.	   Cuesta	   (personal	   communication)	   found	   divergences	   among	   species	  
between	  4.0%	  and	  7.0%	   in	   the	  16S	  sequences.	  Divergence	   levels	  between	  species	  of	  
the	  same	  genus	  for	  the	  16S	  mtDNA	  gene	  region	  in	  crustaceans	  are	  usually	  between	  2%	  
and	   17%	   (Murphy	   and	   Austin,	   2002).	   Sequence	   divergences	   of	   1%	   to	   26.9%	   were	  
observed	   among	  Macrobrachium	   species	   (Murphy	   and	   Austin	   2002,	   2003)	   and	   1.0-­‐
9.0%	   in	   the	  genus	  Alpheus	   (Mathews	  et	  al.,	  2002).	  As	   for	  COI,	   interspecific	   sequence	  
divergences	  of	  2.4%	  were	  observed	  in	  the	  genus	  Cherax	  (Munasinghe	  et	  al.,	  2003),	  7.2-­‐
17.2%	   in	  Cancer	   crabs	   (Harrison	   and	   Crespi,	   1999),	   5.3-­‐14.7%	   in	   the	  Eriocheir	   genus	  
(Zhao	   et	   al.,	   2002)	   and	   2.0-­‐17.0%	   in	   the	   snapping	   shrimp	  Alpheus	   (Mathews	   et	   al.,	  
2002).	   The	  divergences	  observed	   in	   the	   studied	  populations	  were	   even	   smaller	   than	  
the	   intraspecific	   16S	   divergence	   levels	   reported	   for	   other	   palaemonid	   prawns.	  
Sequence	  divergences	  of	  0.2-­‐1.6%	  in	  Macrobrachium	  australiense	  provides,	  according	  
to	  Murphy	  et	  al.	   (2004),	  convincing	  evidence	  that	  nominal	  taxa	  of	  the	  M.australiense	  
species-­‐complex	   represents	   a	   single	   species.	   The	   observation	   of	   5.1%	   to	   6.2%	   of	  
sequence	   variation	   in	   16S	   rRNA	   among	   haplotypes	   of	   M.rosenbergii	   raised	   the	  
hypothesis	  of	   two	  distinct	   species	   (de	  Bruyn	  et	  al.,	  2004).	   	  The	  divergences	  between	  
the	   studied	   populations	   were	   consistent	   with	   those	   observed	   in	   COI	   intraspecific	  
comparisons	  of	  Crustacea.	  Divergences	  between	  0.0-­‐0.9%	  and	  0.0-­‐0.5%	  were	  observed	  
in	  Eriocheir	  sinensis	  and	  E.	  japonica,	  respectively	  (Zhao	  et	  al.,	  2002),	  and	  between	  0.2–
0.5%	  in	  Scylla	  serrata	  (Fratini	  and	  Vannini,	  2002).	  	  
The	  obtained	  results	  do	  not	  support	  a	  geographical	  genetic	  subdivision	  among	  the	  
studied	   populations	   or	   the	   subdivision	   of	   these	   Atlantic	   populations	   in	   two	   main	  
groups	  (i.e.	  P.longirostris	  and	  P.garciacidi).	  Further,	   low	  ΦST	  values	  as	  registered	  here	  
indicate	  high	  levels	  of	  gene	  flow	  among	  populations,	  which	  is	  consistent	  with	  reduced	  
genetic	  variance.	  Phylogeographical	  studies	  of	  many	  freshwater	  and	  terrestrial	  species,	  
based	   on	  mtDNA	   analysis,	   have	   been	   increasing	   (Avise,	   2000).	  Marine	   species	   have	  
been	  studied	  to	  a	  lesser	  degree	  (Gysels	  et	  al.,	  2004)	  and	  species	  with	  planktonic	  larval	  
stages,	   with	   different	   dispersal	   characteristics,	   especially	   along	   the	   northeastern	  
Atlantic	   coast,	   remain	   less	   documented.	   As	   different	   loci	   show	   different	   geographic	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differentiation	   (Slatkin,	   1985),	   other	  mtDNA	   or	  microsatellites	  markers,	   which	   show	  
higher	  mutation	  rates	   (Balloux	  and	  Lugon-­‐Moulin,	  2002),	  should	  also	  be	  used	  to	  gain	  
additional	  insight	  into	  this	  subject.	  
Little	  genetic	  divergence	  is	  often	  found	  in	  neutral	  markers	  between	  ecologically	  and	  
morphologically	   differentiated	   populations.	   An	   explanation	   might	   be	   that	   there	   is	  
significant	   gene	   flow	   among	   populations,	   but	   directional	   selection	   may	   be	   strong	  
enough	  to	  create	  morphological	  differences,	  despite	  gene	  flow	  (Orr	  and	  Smith,	  1998).	  
Another	   possible	   explanation	   is	   that	   adaptive	   evolutionary	   changes	   in	   morphology	  
occurred	   too	   recently	   for	   neutral	   mtDNA	   to	   have	   diverged.	   Such	   a	   pattern	   is	  
particularly	   likely	  to	  occur	  following	  a	  rapid	  population	   increase	  and	  range	  expansion	  
from	   a	   bottleneck	   population	   (Otvall	   et	   al.,	   2002).	   High	   haplotype	   diversity	   and	   low	  
nucleotide	  diversity,	  as	  observed	  in	  this	  study,	  also	  indicate	  a	  rapid	  population	  growth	  
from	  an	  ancestral	  population,	  provided	   the	   time	  was	   sufficient	   to	   recover	  haplotype	  
variation	   but	   not	   enough	   for	   an	   accumulation	   of	   large	   sequence	   differences	   (Avise,	  
2000).	   If	   a	   population	   experienced	   a	   bottleneck	   recently,	   many	   sites	   with	   low	  
frequency	  may	   be	   observed,	   and	   therefore	   Tajima’s	  D	   (Tajima	   1989)	   and	   Fu’s	   Fs	   (Fu	  
1997)	  are	  expected	  to	  be	  negative.	  Only	  significantly	  negative	  values	  of	  Tajimas’s	  D	  can	  
be	   interpreted	   as	   the	   signature	   of	   large	   expansions	   alone,	   whereas	   non-­‐significant	  
values	   may	   result	   from	   a	   combination	   of	   population	   expansion	   and	   mutation	   rate	  
heterogeneity	  (Aris-­‐Brosou	  and	  Excoffier,	  1996).	  However,	  according	  to	  Fu	  (1997)	  and	  
Mes	   (2003),	   Fs	   is	   the	   most	   powerful	   test	   of	   neutrality	   for	   detection	   of	   population	  
expansion	   and,	   although	   the	   Tajima’s	   D	   was	   not	   significant,	   the	   Fu’s	   Fs	   was	   highly	  
significant	   and	   population	   stasis	   may	   be	   rejected.	   These	   results	   and	   the	   mismatch	  
analysis	   suggest	   that	   the	   studied	   prawns	   underwent	   a	   recent	   population	   expansion.	  
Population	   expansions	   over	   large	   areas	   following	   Pleistocene	   glacial	   maxima	   have	  
been	   proposed	   as	   causes	   for	   the	   lack	   of	   genetic	   variation	   and	   phylogeographic	  
structure	  in	  several	  species	  in	  Europe	  (Hewitt,	  2000;	  Milá	  et	  al.,	  2000).	  The	  divergence	  
observed	   among	  Moroccan	   haplotypes	   was	   higher	   than	   that	   observed	   in	   the	   other	  
studied	   populations.	   Higher	   divergent	   haplotypes	   within	   the	   Morocco	   population	  
might	   reflect	   the	   conservation	   of	   ancestral	   polymorphism,	   due	   to	   a	   constant	   larger	  
population	  size.	  A	  reduction	  in	  diversity	  from	  south	  to	  north	  in	  the	  North	  hemisphere	  
is	  expected,	  as	  a	  consequence	  of	  a	  northward	  range	  expansion	  from	  a	  southern	  source	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population	  (Taberlet	  et	  al.,	  1998;	  Gysels	  et	  al.,	  2004	  Hewitt	  1999,	  2000).	  The	  southern	  
peninsulas	  of	  Iberia,	  Italy,	  Greece	  and	  the	  Balkans	  were	  the	  major	  refugia	  in	  the	  last	  ice	  
age	   for	   several	   terrestrial	   species	   in	   Europe	   (Hewitt	   1999,	   2000).	   In	   this	   study,	   the	  
source	   population	   of	   the	   northward	   range	   expansion	   appears	   to	   be	   from	   a	   more	  
southern	   area,	   in	   Africa.	   This	   emphasises	   the	   putative	   role	   of	   the	   marine	   larval	  
dispersal	  in	  the	  life	  history	  of	  this	  species,	  allowing	  for	  the	  colonisation	  of	  new	  areas.	  
Species	  with	  diadromous	   life	  cycles,	  as	   is	   the	  case	  of	  P.longirostris,	  are	   likely	   to	  have	  
diminished	  contemporary	  population	  genetic	  structure	  in	  comparison	  to	  many	  primary	  
freshwater	  species	  (Ward	  et	  al.,	  1994;	  Avise,	  2000).	  Although	  this	  species	  presents	  an	  
estuarine	  larval	  retention	  strategy	  (Paula	  1998),	  which	  presumes	  a	  reduced	  exchange	  
between	  estuaries,	  the	  chances	  of	  larvae	  to	  reach	  other	  estuaries	  by	  extreme	  flooding	  
events	  remains	  unclear	  (Bilton	  et	  al.,	  2002).	  Moreover,	   larvae	  of	  P.longirostris	  have	  a	  
salinity	  tolerance	  range	  of	  approximately	  15	  ppt	  to	  35	  ppt	  (Antonopoulou	  and	  Emson,	  
1989;	   Paula	   1993),	   suggesting	   that	   marine	   dispersal	   may	   potentially	   play	   or	   have	  
played	   a	   role	   in	   the	   life	   history	   of	   this	   species.	   The	   colonisation	   of	   the	   freshwater	  
environments	   by	  marine	   palaemonids	   has	   not	   been	   dated,	   but	   it	   is	   hypothesised	   to	  
have	  occurred	  recently	   (Sollaud,	  1923;	   Jalihal	  et	  al.,	  1993).	  According	  to	  Lee	  and	  Bell	  
(1999)	   many	   colonisation	   episodes	   of	   freshwater	   environments	   by	   marine	   animals	  
occurred	   as	   a	   result	   of	   recent	   deglaciation	   events	   during	   the	   past	   several	  millennia.	  
The	   larval	   retention	   strategy	   of	   P.longirostris	   is	   viewed	   as	   a	   step	   to	   the	   adaptive	  
occupation	   of	   limnetic	   environments	   by	   marine	   organisms	   (Bilton	   et	   al.,	   2002).	  
Furthermore,	  this	  species	  has	  not	  become	  reproductively	  independent	  of	  the	  brackish	  
environment	   (Cartaxana,	   1994),	   females	   bear	   a	   relatively	   greater	   number	   of	   small-­‐
sized	  eggs	  than	  do	  most	  crustaceans	  reproducing	  in	  freshwater	  (Cartaxana,	  2003a)	  and	  
the	  larvae	  do	  not	  survive	  in	  freshwater	  (Antonopoulou	  and	  Emson,	  1989;	  Paula,	  1993),	  
which	  might	  indicate	  a	  recent	  marine	  past.	  	  
Assigning	   organisms	   to	   a	   particular	   species	   may	   be	   a	   difficult	   task,	   especially	   in	  
allopatric	   populations	   (Mayr	   and	   Ashlock,	   1991;	   Daniels	   et	   al.,	   2003).	   The	   present	  
morphometric	   analysis	   does	   not	   support	   the	   separation	   of	   the	   two	   forms	   into	   two	  
distinct	   species.	   Even	   the	   sub-­‐specific	   status	   awarded	   to	   P.longirostris	   by	   Lagardère	  
(1971)	   is	   not	   corroborated	   since	   the	   populations	   do	   not	   seem	   to	   exhibit	   diagnostic	  
morphological	   characters,	  and	  only	   female	  populations	  show	  consistent	  geographical	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variation	  in	  some	  characters.	  Additionally,	  based	  on	  the	  variation	  in	  mtDNA	  there	  is	  no	  
reason	  to	  recognise	  P.longirostris	  and	  P.garciacidi	  as	  distinct	  species.	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   Lowe	   (The	   Natural	   History	  
Museum,	   London).	   Thanks	   are	   due	   to	   J.A.	   Cuesta	   for	   providing	   material	   from	   the	  
Guadalquivir	   River,	   for	   allowing	   mention	   of	   unpublished	   information	   and	   for	  
discussions	  on	  the	  subject.	  The	  provision	  of	  material	  from	  the	  Mira	  and	  the	  Guadiana	  
rivers	   is	   due	   to	   J.	   Paula	   and	  P.	  Morais,	   respectively.	   For	  making	  possible	   the	   genetic	  
analysis	   and	   for	   constructive	   discussions	   on	   the	   subject,	   M.	   J.	   Alves	   is	   especially	  
acknowledged.	   I	   thank	   A.M.	   Correia,	   H.	   Cabral,	   H.	   Gante	   and	   J.	   Paula	  who	   provided	  
constructive	  criticism	  on	  the	  work.	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Abstract	  
Palaemon	   longirostris	   was	   sampled	   monthly	   at	   12	   sites	   in	   the	   Mira	   River	   estuary	  
(southwest	  Portugal)	   from	  October	  1990	  to	  September	  1991.	  Animals	  were	  counted,	  
measured,	   and	   sexed.	   The	   estuarine	   distribution	   of	   prawns	   appeared	   to	   follow	   the	  
salinity	   displacement,	   the	   animals	   being	   found	   at	   river	   stations	   during	   summer	   and	  
autumn	   when	   saline	   encroachment	   up	   the	   estuary	   was	   greater.	   During	   winter	   and	  
spring	  when	  freshwater	  input	  from	  the	  river	  was	  greatest,	  and	  thus	  moving	  the	  salinity	  
gradient	   toward	   the	   mouth,	   the	   prawns	   migrated	   downstream	   to	   brackish	   areas.	  
Ovigerous	   females	   were	   collected	   only	   from	   estuarine	   areas	   (January	   to	   August),	  
suggesting	   that	   reproduction	   does	   not	   take	   place	   in	   freshwater	   habitats.	   Higher	  
percentages	   of	   females	   than	   males	   were	   generally	   observed.	   Females,	   particularly	  
ovigerous	  ones,	  were	  larger	  than	  males.	  	  
	  	  	  
Introduction	  
The	  white	   prawn,	   Palaemon	   longirostris	   H.-­‐M.	   Edwards,	   1837,	   is	   a	   shallow-­‐water	  
species	  occurring	   in	   the	  upper	   reaches	  of	   estuaries,	   often	   in	  dense	   shoals	   (Smaldon,	  
1979).	   It	   has	   been	   recorded	   in	   estuaries	   from	   the	   north	   of	   Africa	   up	   to	   western	  
Germany	   and	   northeast	   of	   England	   (Van	   Den	   Brink	   and	   Van	   Der	   Velde,	   1986).	   Very	  
little	   is	   known	   about	   the	   biology	   of	   Palaemon	   longirostris,	   which	   is	   considered	  
extremely	  rare	  by	  some	  authors	  (Heerbout,	  1974;	  Van	  Berge	  Henegowen	  and	  Van	  Der	  
Velde,	   1975)	   but	   found	   in	   large	   densities	   by	   others	   (Holthuis,	   1950;	   Van	   Den	   Brink,	  
1982;	  Marques	  and	  Costa,	  1984).	  Van	  Den	  Brink	  and	  Van	  Der	  Velde	  (1986)	  suggested	  
the	  occurrence	  of	  severe	  winters	  and/or	  pollution	  as	  possible	  causes	  of	  the	  long-­‐term	  
fluctuations	  of	  P.longirostris	  numbers.	  	  
Studies	  on	  the	  general	  biology	  of	  this	  species	  were	  made	  by	  Marchand	  (1981)	  and	  
Marchand	  and	  Alliot	  (1981)	  in	  the	  Loire	  estuary	  (France),	  Marques	  and	  Costa	  (1984)	  in	  
the	   Tagus	   estuary	   (Portugal),	   and	   Sorbe	   (1983)	   in	   the	  Gironde	   estuary	   (France).	   Van	  
Den	  Brink	   and	  Van	  Der	  Velde	   (1986)	   studied	   the	  distribution,	   growth,	   sex	   ratio,	   and	  
fecundity	  of	  the	  prawn	  in	  the	  freshwater	  regions	  of	  large	  Dutch	  rivers.	  All	  these	  works	  
related	   the	   distribution	   of	   the	   species	   to	   the	   water	   salinity	   displacements	   and	   the	  
reproduction	  with	  the	  migration	  downstream	  to	  more	  saline	  environments.	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Palaemon	  longirostris	  has	  been	  known	  as	  an	  extremely	  euryhaline	  species	  (Gurney,	  
1923;	  Marchand,	  1981;	  Marchand	  and	  Alliot,	  1981;	  Van	  Den	  Brink	  and	  Van	  Der	  Velde,	  
1986)	  but	  only	  recently	  have	  the	  salinity	  tolerance	  limits	  for	  postlarvae	  (Campbell	  and	  
Jones,	   1989a)	   and	   larval	   stages	   (Antonopoulou	   and	   Emson,	   1989)	   been	   established.	  
According	  to	  Campbell	  and	  Jones	  (1989b),	  the	  level	  of	  P.longirostris	  regulatory	  capacity	  
is	   “virtually	   unparalleled	   amongst	   other	   palaemonids	   and	   few	   prawns	   can	   maintain	  
stable	   blood	   osmolalities	   over	   their	   entire	   salinity	   tolerance	   range.”	   Campbell	   and	  
Jones	  (1989c)	  also	  studied	  the	  regulation	  of	  various	  inorganic	  ions	  by	  P.longirostris	  and	  
investigated	  changes	  in	  water	  permeability	  when	  the	  prawns	  had	  been	  acclimated	  to	  
different	  salinities	  and	  were	  exposed	  to	  sudden	  salinity	  changes	  (Campbell	  and	  Jones,	  
1990).	  	  
Studies	  on	  larval	  development	  of	  Palaemon	  longirostris	  were	  carried	  out	  by	  Gurney	  
(1924)	   and	  more	   recently	  by	   Fincham	   (1979),	  who	  described	   seven	   zoeal	   stages	   and	  
the	  first	  postlarval	  stage.	  Figueras	  (1987)	  reported,	  very	  briefly,	  the	  occurrence	  of	  the	  
larvae	  of	  this	  species	  in	  Ria	  de	  Vigo	  (northwest	  Spain).	  According	  to	  Antonopoulou	  and	  
Emson	   (1989),	   the	   ranges	   of	   salinity	   and	   temperature	   tolerance	   become	   much	  
narrower	   at	   metamorphosis	   and	   the	   species	   may	   not	   be	   capable	   of	   molting	   to	  
postlarva	  in	  the	  upper	  parts	  of	  estuaries.	  	  
In	  this	  paper	  the	  distribution	  and	  migrations	  of	  Palaemon	  longirostris	  are	  studied	  in	  
the	  Mira	  River	  estuary	  (southwest	  Portugal).	  	  
	  
Materials	  and	  Methods	  	  
From	  October	  1990	  to	  September	  1991,	  monthly	  samples	  of	  prawns	  were	  collected	  
from	   the	  Mira	   River	   estuary	   (Figure	   1).	   Nine	   collecting	   stations	   were	   located	   in	   the	  
estuary	   (variations	  of	   salinity)	   and	   three	   in	   the	   river	   (salinity	   always	   0%).	   Collections	  
were	  always	  made	  at	  low	  tides,	  usually	  on	  spring	  tides	  during	  the	  new	  moon	  period.	  In	  
October,	   May,	   and	   September,	   it	   was	   impossible	   to	   sample	   at	   the	   new	   moon	   and	  
collections	  were	  made	  during	   the	  next	  quarter	  phase	  of	   the	  moon.	  At	   the	  estuarine	  
stations,	  prawns	  were	  collected	  using	  a	  bottom	  trawl	  (1.30	  meters	  width	  and	  a	  mesh	  
size	  of	  1	  cm)	  towed	  for	  10	  min	   in	  a	  straight	   line	   from	  a	  small	  boat	  with	  an	  outboard	  
engine.	  At	  the	  three	  river	  sites,	  due	  to	  shallow	  waters,	  prawns	  were	  collected	  with	  a	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dip	  net	  (frame:	  65	  cm	  x	  45	  cm	  and	  mesh	  size	  of	  3	  mm)	  for	  about	  20	  min.	  Salinity	  and	  
temperature	  were	  measured	   at	   all	   collecting	   sites	  with	   a	  multiparameter	   probe	   (YSI	  
model	   33	   S-­‐C-­‐T	   meter).	   Immediately	   after	   capture,	   specimens	   were	   fixed	   in	   10%	  
formalin;	  and	  preserved	  in	  70%	  alcohol	  in	  the	  laboratory.	  	  
Figure	  1	  –	  Location	  of	  the	  collecting	  stations	  in	  the	  Mira	  River	  estuary.	  
	  
The	  prawns	  were	  identified	  and	  sexed	  by	  the	  presence	  (males)	  or	  absence	  (females)	  
of	  the	  appendix	  masculina.	  Carapace	  length	  (CL)	  was	  measured	  (to	  0.01	  mm)	  from	  the	  
base	   of	   the	   eyestalks	   to	   the	   posterior	   edge	   of	   the	   carapace	   using	   an	   eyepiece	  
micrometer	  under	   a	  binocular	  microscope.	   Sex	   ratio	  was	  determined	  each	  month	  at	  
river	   and	   estuarine	   stations	   as	   a	   percentage	   of	   males	   or	   females	   from	   all	   collected	  
animals.	   A	   test	   of	   goodness-­‐of-­‐fit	   for	   the	   observed	   frequencies	   to	   the	   expected	  
distribution	  was	   computed.	   The	  G	   test	   (Sokal	   and	  Rohlf,	   1981)	  was	   used	   to	   test	   the	  
hypothesis	   that	   the	  expected	   frequencies	  were	  50%:50%.	  The	  mean	  CL	  of	  males	  and	  
females	  as	  well	  as	  nonovigerous	  and	  ovigerous	  females	  was	  calculated	  every	  month.	  A	  
t-­‐test	   was	   performed	   to	   determine	   whether	   the	   differences	   observed	   between	   the	  
mean	   CL	   of	   males	   and	   females	   and	   nonovigerous	   and	   ovigerous	   females	   were	  
significantly	  different	  (α	  =	  0.05).	  	  
	  
Results	  
The	  mean	  temperatures	  in	  the	  Mira	  River	  estuary	  show	  a	  seasonal	  pattern	  of	  high	  
values	   during	   summer	   (maximum	   27.3°C	   in	   August)	   and	   low	   values	   during	   winter	  
(minimum	  11.1°C	   in	  February)	  (Figure	  2).	  Figure	  3	  presents	  the	  bottom	  water	  salinity	  
distribution	   in	   the	   estuary	  month	   by	  month.	  During	  winter,	   due	   to	   freshwater	   input	  
from	   the	   river,	   the	   salinity	   gradients	  moved	   downstream	   toward	   the	  mouth.	   During	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summer,	  higher	  salinities	  were	  found	  further	  upstream.	  However,	  stations	  10,	  11,	  and	  
12	   remained	   fresh	  water	   all	   year.	   The	   population	   of	  Palaemon	   longirostris	   followed	  
these	  salinity	  displacements,	  being	  located	  at	  the	  lower	  stations	  during	  winter	  and	  at	  
the	  upper	  estuarine	  and	  river	  sites	  in	  summer	  (Figure	  4).	  	  
	  
Figure	   2	   –	   Variation	   of	   mean	   water	   temperature	   and	   standard	   deviation	   from	   November	   1990	   to	  
September	  1991	  
	  
	  
Figure	  3	  –	  Monthly	  salinity	  distribution	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Figure	  4	  –	  Monthly	  population	  distribution	  at	  all	  collecting	  stations.	  
	  
The	   monthly	   distribution	   of	   male,	   female,	   and	   ovigerous	   female	   Palaemon	  
longirostris	   is	  presented	  in	  Figure	  5.	   In	  October	  1990,	  prawns	  were	  found	  only	  at	  the	  
river	   stations	   and	   no	   animal	   was	   collected	   in	   the	   estuary.	   In	   November,	   some	  
individuals	  were	  collected	  at	  the	  upper	  part	  of	  the	  estuary,	  and,	  in	  December,	  most	  of	  
the	   prawns	   were	   collected	   in	   the	   estuary,	   with	   a	   few	   remaining	   in	   the	   river.	   From	  
January	   to	   April,	   no	   animals	   were	   collected	   at	   the	   river	   stations,	   except	   for	  March,	  
when	  a	  few	  were	  captured	  at	  station	  11.	  In	  May,	  only	  females	  were	  collected	  from	  the	  
river	   stations,	   although	   males	   were	   collected	   there	   by	   June.	   Even	   so,	   most	   of	   the	  
population	  remained	  at	  the	  estuary	  sites	  during	  June.	  From	  July	  to	  September,	  most	  of	  
the	  population	  returned	  to	  the	  river	  sites,	  and	  only	  a	  few	  specimens	  remained	  at	  the	  
upper	  parts	  of	  the	  estuary	  in	  September.	  All	  of	  the	  berried	  females	  that	  were	  collected	  
were	  at	  the	  estuarine	  stations	  and	  were	  present	  from	  January	  to	  August,	  with	  highest	  
numbers	  occurring	  between	  March	  and	  April.	  	  
Higher	  percentages	  of	  females	  than	  males	  were	  almost	  always	  observed	  (Figure	  6).	  
No	   significant	   differences	   from	   the	   expected	   50%:50%	   were	   observed	   in	   October,	  
November,	  December,	  and	  June	  at	  river	  sites	  and	   in	  September	  at	  estuarine	  stations	  
(Table	   1).	   Significantly	   higher	   percentages	   of	  males	  were	   observed	   only	   in	   June	   and	  
July	  in	  the	  estuary,	  when	  the	  population	  migrated	  to	  fresh	  water.	  In	  December,	  at	  the	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river	   stations	   (when	  migration	   downstream	   took	   place)	   the	   observed	   percentage	   of	  
males	  was	  higher	  than	  the	  females,	  but	  the	  differences	  were	  not	  significant.	  	  
	  
Figure	  5	  –	  Monthly	  distribution	  of	  males,	  females,	  and	  ovigerous	  females	  at	  all	  collecting	  sites.	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Figure	  6	  –	  Variation	  of	  male	  and	  female	  percentage	  at	  estuarine	  and	  river	  sites.	  
	  
Table	  1	   -­‐	  Observed	  percentages	  of	  male	  and	  female	  and	  the	  result	  of	   the	  test	  of	  goodness-­‐of-­‐fit,	  G(w),	  
used	  to	  test	  the	  hypothesis	  that	  the	  expected	  sex	  frequencies	  were	  50%/50%.	  
	   River	   Estuary	  
Month	  
	   Observed	  %	   	   	   Observed	  %	   	  
n	   F	   M	   G(w)	   n	   F	   M	   G(w)	  
October	   125	   58.4	   41.6	   2.82	   0	   0	   0	   -­‐	  
November	   274	   57.3	   42.7	   2.13	   77	   64.9	   35.1	   8.9a	  
December	   11	   45.5	   54.5	   0.81	   98	   63.3	   36.7	   7.13a	  
January	   0	   0	   0	   -­‐	   454	   62.6	   37.4	   6.39b	  
February	   0	   0	   0	   -­‐	   135	   80	   20	   38.36a	  
March	   48	   83.3	   16.7	   48.17a	   606	   72.4	   27.6	   20.70a	  
April	   0	   0	   0	   -­‐	   296	   58.1	   41.9	   2.62	  
May	   26	   100	   0	   137.94a	   34	   85.3	   14.7	   54.86a	  
June	   87	   57.5	   42.5	   2.25	   232	   34.5	   65.5	   9.72a	  
July	   178	   65.7	   34.3	   9.98a	   160	   23.1	   76.9	   30.38a	  
August	   214	   69.2	   30.8	   15.06a	   142	   59.9	   40.1	   3.93b	  
September	   265	   62.6	   37.4	   6.39b	   22	   50	   50	   0.00	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The	  seasonal	  variation	  of	  male	  and	  female	  mean	  carapace	  length	  is	  shown	  in	  Figure	  
7.	  In	  the	  period	  following	  reproduction	  there	  was	  a	  decrease	  of	  mean	  CL	  of	  both	  sexes.	  
	  
	  
Figure	  7	  –	  Mean	  carapace	  length	  of	  males,	  females,	  and	  ovigerous	  females.	  
	  
Females	   mean	   carapace	   length	   is	   always	   larger	   than	   males,	   the	   observed	  
differences	   being	   significant	   (t-­‐test,	   p<0.05)	   (Table	   2).	   The	   smallest	   differences	  
between	  male	  and	  female	  mean	  CL	  were	  observed	  from	  May	  to	  July,	  when	  the	  mean	  
CL	   of	   females	   started	   to	   decrease.	   From	   June	   to	   August,	   the	   few	   ovigerous	   females	  
collected	   were	   much	   smaller	   than	   the	   ovigerous	   females	   found	   earlier	   (Figure	   7).	  
Significant	   differences	   (t-­‐test,	   p<0.05)	   were	   also	   observed	   between	   the	  mean	   CL	   of	  
nonovigerous	   and	   ovigerous	   females,	   except	   in	   April	   (Table	   3)	   when	   most	   females	  
were	  ovigerous.	  The	  maximum	  mean	  CL	  observed	  was	  8.57	  mm	  for	  males,	  12	  mm	  for	  
nonovigerous	  females,	  and	  12.36	  mm	  for	  ovigerous	  females.	  	  
	  
Distribution	  and	  Migrations	  
	   79	  
	  
Figure	  8	  –	  Carapace	  length	  frequency	  histograms	  for	  prawns	  collected	  at	  river	  stations.	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Figure	  9	  –	  Carapace	  length	  frequency	  histograms	  for	  prawns	  collected	  at	  estuarine	  areas.	  
	  
	  
Distribution	  and	  Migrations	  
	   81	  
	  
Table	  2	  -­‐	  The	  probability	  (p)	  estimated	  by	  the	  statistical	  analysis	  (t-­‐test)	  used	  to	  determine	  whether	  the	  
differences	  observed	  between	  the	  mean	  CL	  of	  males	  and	  females	  were	  significantly	  different	  (a	  =	  0.05).	  
	   Females	   	   Males	   	  
	   Mean	   	   Mean	   t-­‐test	  
Month	   n	   CL	   SD	   	   n	   CL	   SD	   (p)	  
October	  	  
5.48	  0.66	  73	  
6.34	  0.90	  
0.000	  
52	   5.48	   0.66	   	   73	   6.34	   0.90	   0.000	  
November	  	  	   144	   5.50	   0.91	   	   207	   6.95	   2.63	   0.000	  
December	  	  	  	   42	   6.79	   1.07	   	   67	   10.70	   1.86	   0.000	  
January	  	  	  	   170	   7.43	   0.96	   	   284	   11.47	   1.49	   0.000	  
February	  	   27	   7.18	   0.87	   	   108	   11.58	   1.31	   0.000	  
March	  	  	  	   175	   7.34	   1.14	   	   479	   11.05	   1.96	   0.000	  
April	  	  	  	   124	   8.06	   0.96	   	   172	   11.96	   1.15	   0.000	  
May	  	  	  	   5	   8.57	   0.49	   	   55	   9.52	   2.91	   0.040	  
June	  	   189	   7.07	   1.09	   	   130	   6.60	   2.32	   0.035	  
July	  	  	  	   184	   6.56	   1.23	   	   154	   6.26	   1.25	   0.032	  
August	  	  	   123	   5.66	   1.41	   	   233	   6.44	   1.71	   0.000	  
September	  	  	  	   110	   5.25	   0.99	   	   177	   6.40	   1.16	   0.000	  
	  
	  
Table	  3	  -­‐	  The	  probability	  (p)	  estimated	  by	  the	  statistical	  analysis	  (t-­‐test)	  used	  to	  determine	  whether	  the	  
differences	  observed	  between	   the	  mean	  CL	  of	  ovigerous	  and	  nonovigerous	   females	  were	   significantly	  
different	  (a	  =	  0.05).	  
	   Nonovigerous	  females	   	   Ovigerous	  females	   	  
	   Mean	   	   Mean	   t-­‐test	  
Month	   n	   CL	   SD	   	   n	   CL	   SD	   (p)	  
January	   255	   11.36	   1.51	   	   29	   12.36	   0.79	   0.001	  
February	   58	   11.22	   1.52	   	   50	   12.00	   0.84	   0.001	  
March	   150	   9.17	   2.26	   	   329	   11.92	   0.95	   0.000	  
April	   26	   12.00	   1.30	   	   146	   11.95	   1.13	   0.852	  
May	   29	   7.13	   1.41	   	   26	   12.19	   1.43	   0.000	  
June	   118	   6.30	   2.15	   	   12	   9.58	   1.85	   0.000	  
July	   142	   6.00	   0.83	   	   12	   9.34	   1.31	   0.000	  
August	   224	   6.33	   1.63	   	   9	   9.24	   0.93	   0.000	  
	  
	  
The	  size	  frequency	  histograms	  for	  animals	  collected	  at	  the	  river	  (Figure	  8)	  show	  a	  CL	  
for	  most	  prawns	  between	  4	  mm	  and	  8	  mm.	  In	  general,	  females	  were	  a	  little	  larger	  than	  
males.	   Larger	   specimens	  were	  collected	  at	   the	  estuary,	  especially	   females,	  as	  can	  be	  
seen	  in	  Figure	  9.	  From	  November	  until	  June,	  females	  were	  much	  bigger	  than	  collected	  
males.	  The	  number	  of	  larger	  females	  began	  to	  decrease	  in	  May,	  and	  by	  July,	  males	  and	  
females	  were	  again	  approximately	  the	  same	  size.	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Discussion	  
The	   migration	   of	   Palaemon	   longirostris	   to	   the	   estuary	   and	   the	   increase	   in	  
abundance	   of	   ovigerous	   females	   were	   correlated	   with	   an	   increase	   in	   mean	   water	  
temperature.	   However,	   no	   direct	   relationship	   was	   observed	   between	   water	  
temperature	   and	   reproduction,	   since	   the	   maximum	   number	   of	   ovigerous	   females	  
occurred	  in	  spring,	  before	  water	  temperature	  reached	  its	  maximum,	  as	  was	  observed	  
for	  Macrobrachium	  ohione	  by	  Truesdale	  and	  Mermilliod	  (1979).	  	  
Distribution	   of	   prawns	   was	   found	   to	   be	   related	   to	   salinity	   displacements.	   The	  
population	   was	   located	   in	   lower	   estuarine	   areas	   during	   winter	   when	   the	   salinity	  
gradient	  moved	   downstream,	   due	   to	   freshwater	   input	   from	   the	   river,	   and	   at	   upper	  
estuarine	   and	   river	   waters	   during	   summer	   when	   higher	   salinities	   were	   found	  
upstream.	   This	   pattern	   was	   also	   observed	   by	   Marchand	   (1981)	   and	   Marchand	   and	  
Alliot	   (1981)	   for	   the	   Loire	   estuary,	   Sorbe	   (1983)	   for	   the	   Gironde	   in	   France,	   and	  
Marques	  and	  Costa	  (1984)	  for	  the	  Tagus	  estuary	  in	  Portugal.	  	  
The	   migration	   downstream	   during	   the	   rainy	   season	   coincided	   with	   the	   first	  
occurrence	   of	   ovigerous	   females	   in	   the	   Palaemon	   longirostris	   population.	   Van	   Den	  
Brink	   and	   Van	   Der	   Velde	   (1986)	   found	   an	   increase	   in	   the	   number	   of	   specimens	   in	  
spring	  in	  freshwater	  environments,	  which	  coincided	  with	  the	  presence	  of	  females	  with	  
ripening	  ovaries;	   they	  related	  this	  with	  a	  possible	   increase	   in	  activity	  connected	  with	  
reproduction.	   An	   additional	   swimming	   rhythm	   was	   also	   observed	   in	   laboratory	   for	  
preovigerous	  females	  when	  compared	  to	  nonovigerous,	  ovigerous,	  and	  postovigerous	  
females	   (Fincham	   and	   Furlong,	   1984).	   The	   fact	   that	   berried	   females	   were	   never	  
collected	  at	  freshwater	  environments,	  also	  observed	  in	  the	  Loire	  by	  Marchand	  (1981)	  
and	  in	  the	  Gironde	  by	  Sorbe	  (1983),	  sup-­‐ports	  the	  hypothesis	  of	  a	  correlation	  between	  
migration	  and	  reproduction.	  Thus,	  migration	  to	  more	  saline	  environments	  during	  the	  
rainy	   season	   is	   essential	   for	   reproduction	   and	   consequently	   for	   the	   completion	   of	  
P.longirostris	   life	   cycle.	   Van	   Den	   Brink	   and	   Van	   Der	   Velde	   (1986)	   explained	   the	   low	  
percentage	   of	   ovigerous	   females	   in	   the	   freshwater	   region	   of	   Dutch	   rivers	   by	   the	  
migration	  toward	  breeding	  habitats,	  “which	  are	  probably	  in	  brackish	  estuarine	  areas.”	  
This	  was	   also	   corroborated	   by	   laboratory	   experiments	   that	   showed	   that	   the	   eggs	   of	  
this	   species	   did	   not	   hatch	   in	   fresh	   water	   (Gurney,	   1924).	   Migration	   to	   estuarine	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conditions	  for	  breeding	  is	  also	  established	  for	  Macrobrachium	  equidens	  (Murthy	  et	  al.,	  
1987).	   Pandian	   (1987)	   observed	   that	   exposure	   to	   an	   estuarine	   environment	   is	  
obligatory	   for	   the	   first	   moult	   of	   the	   riverine	   prawn	   Macrobrachium	   and	   riverine	  
migration	  is	  critical	  for	  completion	  of	  its	  life	  cycle.	  	  
Although	   little	   is	  known	  of	   the	  distribution	  of	   the	   larvae	  of	  Palaemon	   longirostris,	  
Sorbe	   (1983)	   found	  stage	  V	   larvae	  at	   the	  Gironde	  estuary	  and	  Figueras	   (1987)	   found	  
P.longirostris	   larvae	   in	   the	   Ria	   de	   Vigo.	   In	   addition,	   Paula	   (personal	   communication)	  
collected	  all	   larval	   stages	  of	  P.longirostris	   from	  plankton	  surveys	   in	   the	  Mira	  estuary,	  
suggesting	  that	  complete	  larval	  development	  occurs	  within	  the	  estuarine	  boundaries.	  	  
The	  reproductive	  period	  of	   this	  population	  of	  Palaemon	   longirostris,	  based	  on	  the	  
presence	   of	   ovigerous	   females,	   begins	   in	   January,	   reaches	   a	   maximum	   in	   spring	  
(March,	   April,	   and	   May),	   and	   proceeds	   until	   August.	   A	   similar	   reproductive	   period	  
(from	  January	  to	  July)	  was	  given	  for	  this	  species	  by	  Lagardère	  (1971)	  in	  Morocco	  and	  in	  
the	  Tagus	  estuary	  (west	  Portugal)	  (from	  January	  until	  early	  summer)	  by	  Marques	  and	  
Costa	  (1984).	  These	  reproductive	  periods	  are	  much	   longer	  than	  those	  observed	  from	  
other	  regions.	  For	  example,	  Holthuis	  (1950)	  reported	  a	  reproductive	  period	  from	  May	  
to	   July	   in	   the	  Netherlands;	  Zariquiey	  Alvarez	   (1968)	  observed	  ovigerous	   females	  only	  
from	   March	   through	   June;	   Smaldon	   (1979)	   reported	   the	   occurrence	   of	   ovigerous	  
females	   from	   April-­‐May	   to	   August	   along	   the	   British	   coasts;	   Marchand	   (1981)	  
designated	   the	   period	  March-­‐April	   to	   July-­‐August	   as	   the	   reproductive	   period	   in	   the	  
Loire;	   and	   Sorbe	   (1983)	   reported	   a	   period	   from	   April	   to	   July	   in	   Gironde.	   Thus,	   in	  
estuaries	   from	   southern	   regions	   of	   the	   species	   distribution,	   the	   reproductive	   period	  
seems	  to	  begin	  earlier	  and	  to	  be	  longer	  than	  in	  northern	  regions,	  which	  may	  be	  related	  
to	  higher	  temperatures	  of	  the	  water	  mass	  in	  these	  areas.	  	  
The	   sex	   ratio,	  with	   few	  exceptions,	  was	   in	   favour	  of	   females,	   as	  observed	  by	  Van	  
Den	  Brink	  and	  Van	  Der	  Velde	  (1986)	  in	  the	  Netherlands.	  In	  the	  Loire	  (Marchand,	  1981;	  
Marchand	  and	  Alliot,	  1981)	  and	  Tagus	  estuaries	  (Marques	  and	  Costa,	  1984))	  however,	  
males	  were	  dominant.	  These	  differences	  may	  be	  due	  to	  temporal	  and	  spatial	  variations	  
of	   sampling,	   since	   the	  migration	  of	  male	   and	   female	  Palaemon	   longirostris	   does	  not	  
seem	  to	  be	  synchronized.	  Higher	  percentages	  of	  males	  were	  observed	  in	  December	  in	  
the	   river	   and	   in	   June	   and	   July	   in	   the	   estuary.	   This	   suggests	   that	   females	   began	   to	  
migrate	  before	  males	  to	  the	  estuary,	  where	  reproduction	  takes	  place,	  and	  up	  the	  river	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at	  the	  end	  of	  the	  reproductive	  period.	  Similar	  variations	  in	  sex	  ratio	  were	  observed	  in	  
freshwater	   regions	   of	   Dutch	   rivers,	   where	   more	   males	   than	   females	   were	   found	   in	  
April	  (beginning	  of	  reproductive	  period)	  and	  more	  females	  than	  males	  in	  May	  and	  July	  
(end	  of	  reproductive	  period)	  (Van	  Den	  Brink	  and	  Van	  Der	  Velde,	  1986).	  Except	  in	  these	  
periods,	   no	   important	   differences	   in	   distribution	   of	   males	   and	   females	   related	   to	  
salinity	  were	  observed,	   unlike	  observations	   in	   the	   Loire	   estuary	  by	  Marchand	   (1981)	  
and	  Gironde	  by	  Sorbe	  (1983).	  	  
Females	  were	  always	   larger	  than	  males.	  As	  observed	  for	  P.adspersus	  and	  P.squilla	  
by	   Berglund	   (1983),	   females	   may	   benefit	   from	   large	   size,	   because	   the	   bigger	   they	  
become	   the	  more	  eggs	   they	   can	  carry.	   The	   same	  correlation	  between	  body	   size	  and	  
number	   of	   eggs	   was	   observed	   in	   P.longirostris	   (Van	   Den	   Brink	   and	   Van	   Der	   Velde,	  
1986;	   Cartaxana,	   unpublished	   data).	   The	   reduction	   of	   mean	   carapace	   length	   of	  
ovigerous	  females	  at	  the	  end	  of	  the	  reproductive	  period	  suggests	  that	  reproduction,	  at	  
this	  phase,	   is	  carried	  out	  by	  females	  belonging	  to	  the	  new	  generation.	  Similar	  results	  
were	  reported	  for	  Palaemonetes	  varians	  by	  Baudelin	  (1977).	  	  
The	   observed	   differences	   between	   males	   and	   females	   CL	   were	   bigger	   from	  
November	  until	  the	  end	  of	  the	  reproductive	  period.	  This	  may	  be	  due	  to	  a	  faster	  growth	  
of	  females	  during	  this	  period.	  This	  growth	  pattern	  was	  also	  observed	  by	  Van	  Den	  Brink	  
and	  Van	  Der	  Velde	  (1986)	  in	  the	  Netherlands.	  The	  decrease	  in	  prawn	  carapace	  length	  
at	   the	   end	   of	   the	   reproductive	   period	   suggests	   the	   arrival	   of	   a	   new	   generation	   of	  
prawns.	   The	   absence	   of	   the	   largest	   animals	   may	   be	   due	   to	   their	   death	   after	  
reproduction.	  These	  population	  changes	  suggest	  an	  annual	  population	  cycle.	  Van	  Den	  
Brink	   and	   Van	   Der	   Velde	   (1986),	   using	   length	   frequency	   analysis,	   calculated	   a	  
maximum	  age	  of	  about	  2	  yr	   for	  P.longirostris.	  However,	  most	  specimens	  collected	  at	  
the	  end	  of	  the	  reproductive	  period	  were	  at	  the	  river	  stations	  and	  it	  is	  possible	  that	  the	  
largest	  specimens,	  being	  highly	  mobile,	  avoid	  the	  dip	  net	  or	  migrate	  further	  up	  in	  the	  
river	  than	  younger	  ones.	  According	  to	  Sorbe	  (1983),	  females	  can	  migrate	  upstream	  in	  
rivers	  once	  they	  are	  not	  ovigerous.	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Abstract	  
The	  reproductive	  traits	  of	   female	  Palaemon	   longirostris	  were	  examined	   in	  this	  study.	  
The	  mean	   fecundity	  was	   957	  ±	   282	   SD.	   The	  mean	   egg	   volume	   increased	   17	  %	   from	  
early	  to	  late	  development	  stage.	  By	  using	  the	  allometric	  model,	  no	  simple	  volumetric	  
relationship	  was	  found	  between	  brood	  size	  and	  carapace	  length	  at	  any	  egg	  stage.	  For	  
both	   early	   and	   late	   egg	   stages,	   a	   negative	   allometric	   level	   was	   obtained.	   During	  
embryogenesis,	  egg	  loss	  was	  estimated	  in	  5%,	  with	  no	  apparent	  effect	  of	  female	  size.	  
Size	   at	   maturity	   was	   studied	   using	   morphometric	   analyses,	   assuming	   that	   the	  
attainment	  of	  sexual	  maturity	  involves	  morphological	  changes	  of	  the	  pleura	  in	  order	  to	  
form	  a	  brood	  chamber.	  Mature	  1	  analysis	  evidenced	  overlapping	  “growth-­‐phase”	  lines,	  
suggesting	   that	   adult	   females	  may	  moult	   to	   a	   resting	   condition	   after	   breeding.	   The	  
obtained	  regression	   lines	   indicate	  the	  presence	  of	  different	  morphotypes,	  but	  do	  not	  
correspond	   to	   young	   and	   adult	   prawns.	   To	   determine	   size	   at	   maturity,	   Mature	   2	  
analysis	  was	  run	  for	  the	  young-­‐like	  morphotype	  in	  an	  attempt	  to	  locate	  an	  intersection	  
point	   delimiting	   the	   young	   and	   the	   adult	   growth	   phases.	   The	   estimated	   size	   closely	  
matched	  the	  size	  of	  the	  smallest	  ovigerous	  prawn.	  	  
 
Introduction	  
The	   measurement	   of	   the	   reproductive	   potential	   of	   a	   population	   is	   based	   on	   an	  
estimate	  of	   individual	   fecundity,	  which	   is	  usually	   taken	  as	   the	  mean	  number	  of	  eggs	  
produced	   per	   female	   (Cobb	   and	   Caddy,	   1989).	   Fecundity	   has	   been	   recognized	   as	   an	  
important	  feature	  to	  understand	  the	  population	  ecology	  and	  life	  history	  of	  crustaceans	  
(Corey	  and	  Reid,	  1991)	  and	   it	   is	  usually	  measured	  as	  the	  total	  number	  of	  eggs	   in	  the	  
ovary,	  marsupium	  or	  attached	  to	  pleopods	  when	  externally	  incubated	  (Somers,	  1991).	  	  
Egg	  size	  is	  a	  key	  reproductive	  variable,	  determining	  how	  a	  brood	  mass	  is	  partitioned	  
(Vernberg	   and	   Vernberg,	   1983),	   and	   reflecting	   selective	   pressures	   acting	   upon	  
brooding	  and	  larval	  development	  (Bauer,	  1991).	  	  Small	  eggs	  allow	  a	  larger	  brood	  size,	  
thus	   increasing	   the	  number	  of	   hatched	   larvae	   (Steele	   and	   Steele,	   1975).	   Larger	   eggs	  
permit	   hatching	   at	   an	   advanced	   stage	   of	   development,	   which	   may	   reduce	   larval	  
mortality	   in	   the	   planktonic	   environment	   (Grahame	   and	   Branch,	   1985),	   but	   reduce	  
larval	   dispersal	   (Bauer,	   1991).	   In	   general,	   decapods	   breeding	   in	   the	   marine	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environment,	  including	  catadromous	  species,	  produce	  more	  and	  smaller	  eggs	  than	  do	  
decapods	  reproducing	  in	  freshwater	  (Vernberg	  and	  Vernberg,	  1983).	  
Size-­‐specific	   fecundity	   in	   crustaceans	  has	  been	  estimated	  using	   several	   regression	  
models,	  preventing	  direct	  comparisons	  among	  populations	  or	  species.	  	  Somers	  (1991)	  
proposed	   the	  use	  of	   the	  allometric	  model,	  often	  used	   in	   fisheries	  biology,	  due	   to	   its	  
analytical	   simplicity,	   relative	   scale	   independence	   and	   also	   because	   it	   enables	   the	  
estimation	  of	  two	  important	  life-­‐history	  parameters	  (relative	  and	  absolute	  size-­‐specific	  
fecundity).	  
Decapods	   are	   suitable	   organisms	   for	   a	   comparative	   analysis	   of	   clutch	   mortality.	  
Reproductive	   females	  brood	   their	   eggs	   and	  embryogenesis	   is	   generally	   synchronous,	  
allowing	  that	  embryonic	  mortality	  can	  be	  estimated	  by	  comparing	  the	  number	  of	  eggs	  
in	  early	  and	  late	  broods	  from	  females	  of	  similar	  size	  (Kuris,	  1991).	  	  
The	   determination	   of	   size	   at	   sexual	   maturity	   is	   important	   to	   characterize	   the	  
reproductive	  activity	  of	   a	   given	   species,	   and	   it	   also	   facilitates	   the	  establishment	  of	   a	  
minimum	  legal	  size	  for	  fisheries	  (Cobb	  and	  Caddy,	  1989;	  Greco	  and	  Rodríguez,	  1999).	  
Changes	  in	  the	  growth	  rate	  of	  secondary	  sexual	  characters	  have	  been	  frequently	  used	  
to	  estimate	  the	  size	  at	  the	  onset	  of	  sexual	  maturity	  in	  brachyuran	  crabs	  (e.g.,	  Hartnoll,	  
1972;	   Campbell	   and	   Eagles,	   1983;	   Pinheiro	   and	   Fransozo,	   1993;	   González-­‐Gurriarán	  
and	   Freire,	   1994;	   Greco	   and	   Rodríguez,	   1999).	   Fewer	   contributions	   are	   available	   on	  
this	   subject	   for	   carideans.	   Omori	   and	   Chida	   (1988a)	   described	   two	   morphological	  
forms	   of	   female	   Palaemon	  macrodactylus	   after	   the	   post-­‐puberty	   moult,	   the	   resting	  
and	  the	  spawning	  morphotypes.	  	  
The	   reproductive	   biology	   of	   P.longirostris	   is	   largely	   unknown	   because	   previous	  
studies	   were	   carried	   out	   either	   in	   freshwater	   or	   estuarine	   habitats,	   but	   never	  
concurrently	   in	   both	   environments.	   This	   is	   important,	   since	   P.longirostris	   lives	   in	  
freshwater	   but	   migrates	   to	   more	   saline	   environments	   for	   reproduction	   (Cartaxana,	  
1994).	  This	  downstream	  migration	  enables	  the	  larvae	  to	  develop	  in	  the	  more	  adequate	  
environmental	  conditions	  of	  the	  estuary,	  thus	  increasing	  survival.	  The	  breeding	  activity	  
of	  the	  studied	  P.longirostris	  population	  begins	  in	  January,	  reaches	  a	  maximum	  in	  spring	  
and	   ceases	   in	   August	   (Cartaxana,	   1994).	   	   Van	   Den	   Brink	   and	   Van	   Der	   Velde	   (1986)	  
examined	  its	  size-­‐specific	  fecundity	  in	  the	  Netherlands,	  and	  Sorbe	  (1983)	  reported	  egg	  
measurements	   for	   only	   a	   single	   female	   of	   the	   Gironde	   estuary	   (France).	   Several	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authors	   determined	   the	   sex-­‐ratio	   of	   this	   species	   (Marchand,	   1981;	   Marchand	   and	  
Alliot,	   1981;	   Marques	   and	   Costa,	   1984;	   Van	   Den	   Brink	   and	   Van	   Der	   Velde,	   1986;	  
Cartaxana,	  1994),	  providing	  inconsistent	  results	  probably	  due	  to	  temporal	  and	  spatial	  
variations	  of	  sampling,	  and	  because	  of	  the	  non-­‐synchronous	  migrations	  of	  males	  and	  
females	  (Cartaxana,	  1994).	  
Although	   not	   attaining	   a	   high	   market	   price,	   P.longirostris	   is	   intensively	   fished	   in	  
Portuguese	  estuaries	  during	  the	  downstream	  breeding	  migration.	  This	  paper	  presents	  
an	  estimation	  of	  the	  size	  at	  sexual	  maturity	  of	  P.longirostris	  in	  order	  to	  provide	  a	  basis	  
for	  an	  adequate	  management	  of	  this	  resource.	  Allometric	  data	  is	  employed	  to	  examine	  
if	   different	   adult	   morphotypes	   occur	   in	   the	   population.	   Size-­‐specific	   fecundity	  
relationships	  and	  estimates	  of	  brood	  loss	  are	  also	  provided.	  
 
Materials	  and	  Methods	  
Prawns	  were	  collected	  in	  the	  Mira	  River	  estuary	  during	  the	  breeding	  period.	  
Carapace	  length	  (CL),	  measured	  from	  the	  base	  of	  eyestalks	  to	  the	  posterior	  edge	  of	  
carapace,	  and	  pleura	  maximum	  width	  (PLW)	  were	  measured	  to	  the	  nearest	  0.01	  mm	  
under	  a	  stereomicroscope,	  with	  the	  aid	  of	  a	  micrometric	  eyepiece.	  Sex	  was	  determined	  
by	  recording	  the	  presence	  or	  absence	  of	  the	  appendix	  masculina.	  
For	   fecundity	   analyses,	   the	   pleopods	   of	   ovigerous	   females	   were	   dissected	   and	  
immersed	  in	  a	  10%	  bleach	  solution	  to	  detach	  the	  eggs,	  as	  performed	  by	  Choy	  (1985).	  
When	  isolated,	  eggs	  were	  counted	  under	  a	  binocular	  microscope.	   In	  cases	  where	  the	  
number	   of	   eggs	   was	   very	   high,	   counts	   were	  made	   on	   subsamples	   obtained	   using	   a	  
Folsom	  Plankton	  Splitter	  (McEwen	  et	  al.,	  1954).	  Embryos	  were	  classified	  as	  stage	  1	  (no	  
visible	   eyes)	   or	   stage	   2	   (eyes	   well	   developed)	   (Jewett	   et	   al.,	   1985;	   Corey	   and	   Reid,	  
1991).	  
The	  mean	   volume	  per	   egg	  was	   calculated	   using	  micrometer	  measurements	   of	   65	  
eggs	  haphazardly	  chosen	  from	  different	  broods.	  The	  egg	  volume	  (v)	  was	  calculated	  as	  
for	  an	  oblate	  spheroid	  (Bauer,	  1991),	  v	  =	  1/6	  π	  d12	  d2,	  where	  d1	  and	  d2	  are	  the	  shortest	  
and	   longest	   egg	   axes,	   respectively.	   	   Between-­‐stage	   differences	   of	   egg	   volume	  were	  
tested	  using	  a	  t-­‐test.	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Size-­‐fecundity	  relationships	  were	  established	  for	  stage	  1	  and	  stage	  2	  eggs	  using	  the	  
allometric	   model	   (Somers,	   1991).	   Regressions	   of	   number	   of	   eggs	   (EN)	   on	   carapace	  
length	  (CL)	  were	  conducted	  on	  log-­‐transformed	  data.	  The	  hypothesis	  that	  fecundity	  is	  
a	  volumetric	  function	  of	  female	  size	  was	  tested	  by	  determining	  whether	  the	  allometric	  
slope	  differs	  significantly	  from	  the	  theoretical	  value	  of	  3.0	  by	  means	  of	  a	  t-­‐test	  (Sokal	  
and	   Rholf,	   1981).	   The	   intercept,	   in	   the	   allometric	   model,	   represents	   the	   absolute	  
number	  of	  eggs	  independent	  of	  female	  size	  (Somers,	  1991).	  An	  analysis	  of	  covariance	  
(ANCOVA)	   was	   used	   to	   compare	   slopes	   and	   elevations	   of	   stage	   1	   and	   stage	   2	  
regressions	   lines.	  Brood	   loss	  was	  estimated	  as	   the	  difference	  between	  the	   intercepts	  
obtained	  in	  stage	  1	  and	  stage	  2	  regressions.	  	  
Morphometric	   analyses	  were	   performed	   for	   a	   total	   of	   155	  P.longirostris	   females,	  
ranging	   from	   5.7	   to	   13.0	  mm	   CL.	   The	   size	   at	   sexual	   maturity	   was	   determined	   from	  
morphometric	  data,	  assuming	  that	  changes	  of	  the	  allometric	  growth	  of	  the	  pleura	  are	  
related	   to	   the	   development	   of	   the	   brood	   chamber	   found	   in	   breeding	   females	  
(Hoglund,	  1943;	  Omori	  and	  Chida,	  1988a).	  The	  allometric	  equation,	  Y	  =	  a	  X	  b	   (Huxley,	  
1950),	   was	   used	   to	   fit	   the	   relationship	   between	   pleura	   width	   (PLW)	   and	   carapace	  
length	  (CL).	  PLW	  and	  CL	  were	  plotted	  against	  each	  other	  on	  a	  bi-­‐log	  scaled	  scatterplot	  
to	   draw	   overall	   allometric	   patterns	   from	   the	   data.	   Two	   overlapping	   “growth-­‐phase”	  
lines	  were	  apparent,	   justifying	  the	  use	  of	  the	  computer	  routine	  Mature	  1	  (Somerton,	  
1980).	   Although	   statistically	   significant,	   this	   estimate	   of	   size	   at	   maturity	   was	   not	  
supported	   by	   the	   observed	   size	   frequency	   distributions	   of	   ovigerous	   females.	  
Therefore,	  the	  Mature	  2	  routine	  was	  further	  used	  for	  the	  individuals	  distributed	  in	  the	  
lower	   regression	   line	   to	   check	   for	   an	   inflection	   point	   in	   young-­‐like	   specimens	  
(Somerton,	   1983).	   In	   all	   relationships	   obtained,	   determination	   coefficients	   and	  
student’s	   t-­‐tests	   for	   significant	   departures	   from	   isometry	  were	   calculated	   (Sokal	   and	  
Rohlf,	  1981),	  and	  ANCOVA	  were	  performed	  to	  compare	  slopes	  between	  spawning	  and	  
resting	  forms	  and	  between	  juveniles	  and	  resting	  adult	  females.	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Results	  
In	  this	  population,	  the	  carapace	  length	  of	  ovigerous	  females	  ranged	  from	  8.1	  mm	  to	  
13.05	  mm.	  The	  mean	  fecundity	  ±	  standard	  deviation	  (SD)	  was	  957	  ±	  282	  (N=136),	  and	  
the	  number	  of	  eggs	  per	  female	  ranged	  from	  176	  to	  1,651.	  The	  mean	  ±	  SD	  number	  of	  
eggs	  in	  females	  carrying	  early	  embryos	  (889	  ±	  304;	  N=	  28)	  was	  numerically	  higher	  than	  
in	  females	  incubating	  late	  stages	  (786	  ±	  347;	  N=	  20),	  but	  no	  statistical	  difference	  was	  
found	  	  (t	  =	  1.09;	  p	  =	  0.281).	  
The	  eggs	  were	  oval,	   as	  observed	   for	   several	   palaemonids	   (Corey	  and	  Reid,	   1991).	  
The	  average	  volume	  of	  stage	  1	  eggs	  was	  significantly	   lower	  than	  that	  of	  stage	  2	  eggs	  
(0.142	   mm3	   ±	   0.046,	   0.166	   mm3	   ±	   0.035,	   respectively;	   t	   =	   -­‐3.33;	   p	   <	   0.05),	  
corresponding	  to	  an	  increase	  of	  17	  %.	  	  
Regression	   analyses	   for	   the	   relationship	   between	  number	   of	   eggs	   per	   brood	   (EN)	  
and	   carapace	   length	   (CL)	   are	   shown	   in	   Table	   1	   and	   Figure	   1.	   For	   both	   egg	   stages,	  
regressions	  were	  significant	  and	  slope	  values	  of	  the	  fitted	  lines	  were	  significantly	  lower	  
than	   the	   expected	   isometric	   value	   (b=3)	   (t	   stage1	   =	   -­‐3.87;	   t	   stage2	   =	   -­‐2.60;	   p	   <	   0.05).	  	  
Regression	   slopes	   did	   not	   differ	   significantly	   between	   egg	   stages	   (ANCOVA;	   F	   (1,44)	   =	  
0.01;	  p	  =	  0.994),	  but	  the	  elevation	  of	  the	  fitted	  line	  for	  early	  eggs	  was	  higher	  than	  that	  
for	  late	  eggs	  (ANCOVA;	  F	  (1,45)	  =	  7.39;	  p	  <	  0.009).	  	  Brood	  mortality	  was	  estimated	  in	  5%,	  
with	  no	  apparent	  effect	  of	  female	  size.	  
	  
	  
	  
Table	  1	  –	  Results	  of	  regression	  analyses	  for	  the	  relationship	  between	  egg	  number	  and	  carapace	  length	  
(in	  mm)	  for	  egg	  stages	  1	  and	  2.	  Data	  were	  log-­‐transformed	  and	  the	  least-­‐squares	  method	  was	  used.	  N,	  
number	  of	   specimens;	   r2,	  determination	  coefficient;	   Sb,	   standard	  error	  of	   the	   regression	  coefficient;	   F,	  
values	  indicating	  the	  significance	  of	  the	  regression	  are	  also	  shown.	  
Eggs	   N	   Regression	  equation	   r2	   Sb	   F	  
Stage	  1	   28	   Log	  EN	  =	  0.5999	  +	  2.2286	  Log	  CL	   0.8278	   0.199	   124.95*	  
Stage	  2	   20	   Log	  EN	  =	  0.5797	  +	  2.2525	  Log	  CL	   0.7735	   0.287	   61.48*	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Figure	   1	   –	   Relationship	   between	   fecundity	   (number	   of	   eggs)	   and	   carapace	   length	   (CL,	   mm)	   in	  
P.longirostris	   females.	  Allometric	   regression	  equations	   for	   early	   (stage	  1	  eggs)	   and	   late	   (stage	  2	  eggs)	  
development	   stage	   given	   in	   graph;	   graphic	   presentation	   of	   regressions	   linearized	   by	   log-­‐log	  
transformation.	  
	  
	  
	  
The	  overlapping	  “growth-­‐phase”	  lines	  were	  apparent	  as	  shown	  by	  the	  bi-­‐log	  scaled	  
scatterplot	   of	   PLW	   on	   CL	   (Figure	   2A).	   The	   Mature	   1	   analysis	   confirmed	   that	   two	  
regression	   lines	   fitted	   the	   data	   better	   than	   one	   (Table	   2),	   corresponding	   to	   two	  
different	   morphotypes.	   The	   lower	   line	   corresponds	   to	   morphotype	   I	   females,	  
comprising	   young-­‐like	   specimens,	   and	   the	   upper	   line	   to	   sexually	   mature	   females	  
(morphotype	   II).	   The	   existence	  of	   two	  morphotypes	   indicated	  by	   the	   two	   regression	  
lines	  appears	  corroborated	  since	  all	  ovigerous	  females	  lay	  on	  the	  upper	  line	  (Figure	  2	  
B).	  No	  significant	  differences	  between	  slopes	  were	  observed	  (ANCOVA;	  F	  (1,151)	  =	  0.428;	  
p	  =	  0.514).	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Table	  2	  -­‐	  Results	  of	  the	  allometric	  analyses	  for	  the	  carapace	  length	  (CL)	  vs.	  pleura	  width	  (PLW)	  relationship	  
(mI,	   morphotype	   I	   females;	   mII,	   morphotype	   II	   females;	   Juv,	   young	   females;	   0,	   isometry;	   -­‐,	   negative	  
allometry;	  +,	  positive	  allometry;	  Ln	  indicates	  neperian	  logarithms).	  
n	   Analysis	   	   Linearized	  equation	  
Ln	  Y	  =	  Ln	  a	  +	  bLn	  X	  
r2	   t	  (b=1)	  (1)	  	  	   Allometric	  	  
level	  
Somerton’s	  F	  test	  
Value	  
Inflection	  point	  	  
	  
84	   Mature	  I	   mI	   Ln	  PLW	  =	  -­‐0.70	  +	  1.01	  Ln	  CL	   0.9752	   0.562	   0	  
239.31*	   	  
71	   	   mII	   Ln	  PLW	  =	  -­‐0.63	  +	  1.04	  Ln	  CL	   0.8976	   0.885	   0	  
70	   Mature	  II	   juv	   Ln	  PLW	  =	  -­‐0.98	  +	  1.16	  Ln	  CL	   0.9566	   2.241*	   +	  
4.22*	   8.0	  mm	  
14	   	   mI	   Ln	  PLW	  =	  -­‐0.47	  +	  0.92	  Ln	  CL	   0.8973	   -­‐2.315*	   -­‐	  
	  
	  
	  
Figure	  2	  –	  Allometric	  relationships	  between	  log	  pleura	  width	  and	  log	  carapace	  length	  for	  P.longirostris	  
females.	  A,	  scatterplot;	  B,	  regression	  lines	  obtained	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The	  Mature	  2	  routine	  confirmed	  that	  two	  lines	  provide	  a	  better	  fit	  than	  one,	  giving	  
an	  inflection	  point	  at	  8.0	  mm	  CL	  (Table	  2,	  Figure	  2B).	  The	  slopes	  of	  the	  resulting	  lines,	  
corresponding	   to	   young	   and	   morphotype	   I	   females,	   were	   significantly	   different	  
(ANCOVA;	   F(1,83)	   =	   12.68;	   p	   =	   0.001).	   Young	   females	   exhibited	   a	   positive	   allometric	  
growth	  of	  the	  pleura	  (t	  =	  2.24;	  p	  <	  0.05),	  while	  a	  negative	  allometic	  growth	  was	  found	  
for	  morphotype	  I	  specimens	  (t	  =	  -­‐2.32;	  p	  <	  0.05).	  	  
	  
Discussion	  
The	   mean	   fecundity	   and	   egg	   volume	   observed	   in	   the	   present	   study	   were	   very	  
similar	   to	   the	   ones	   reported	   by	   other	   authors	   for	   P.longirostris	   (De	   Man,	   1915;	  
Zariquiey	  Alvarez,	  1968;	  Sorbe,	  1983;	  Van	  Den	  Brink	  and	  Van	  Der	  Velde,	  1986).	  Within	  
the	  palaemonids,	   	   the	  number	  and	  size	  of	  eggs	  are	  very	  variable	   (e.g.	  Truesdale	  and	  
Mermillod,	  1974;	  Corey	  and	  Reid,	  1991)	  and	  since	  these	  prawns	  are	  widespread	  from	  
freshwater	   to	   marine	   environments,	   different	   reproductive	   strategies	   are	   expected,	  
including	  a	   trade-­‐off	  between	   fecundity	   and	  egg	   size	   (Vernberg	  and	  Vernberg,	   1983;	  
Sastry,	   1983).	   	   As	   expected	   for	   species	   undertaking	   catadromic	   migrations	   for	  
reproduction,	   P.longirostris	   females	   bear	   more	   and	   smaller	   eggs	   than	   females	   of	  
exclusively	  freshwater	  species.	  
The	   negative	   allometry	   established	   between	   brood	   size	   and	   length	   in	   this	  
P.longirostris	   population	   has	   also	   been	   observed	   in	   other	   palaemonid	   prawns	  
(Hoglund,	   1943;	   Mashiko,	   1982;	   Figueras,	   1984;	   Yan,	   1987;	   Odinetz	   Collart,	   1991;	  
Somers,	   1991;	   Anger	   and	  Moreira,	   1998).	   Van	   Den	   Brink	   and	   Van	   Der	   Velde	   (1986)	  
found	  a	  volumetric	  relationship	  between	  brood	  size	  and	  the	  total	  length	  of	  ovigerous	  
P.longirostris	   in	  the	  Netherlands.	  A	  negative	  allometry	   implies	  that	   fecundity	   in	  small	  
and	   large	   females	   is	   respectively	   higher	   and	   lower	   than	   expected	   and	  may	   indicate	  
senescence	  of	  the	  reproductive	  output	  of	  larger	  (older)	  females	  (Bauer,	  1991;	  Somers,	  
1991).	  However,	  the	  observation	  of	  point	  clusters	   in	  size-­‐specific	   fecundity	  plots	  may	  
represent	  separate	  year	  classes	  that,	  taken	  as	  a	  whole,	  may	  render	  slope	  values	  other	  
than	   the	   expected	   volumetric	   one	   (Somers,	   1991).	   A	   close	   examination	   of	   figure	   1	  
suggests	  that	  the	  data	  may	  involve	  two	  separate	  size	  groups.	  The	  observed	  allometric	  
slopes	   (b<3)	   may	   represent	   a	   compromise	   estimate	   of	   the	   slopes	   of	   the	   subgroups	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(Somers,	  1991).	   Studying	   this	   same	  population,	  Cartaxana	   (1994)	   found	   that	  average	  
size	   of	   ovigerous	   females	   decreases	   towards	   the	   end	   of	   the	   breeding	   season,	   as	  
females	  recruited	  earlier	  in	  the	  reproductive	  period,	  progressively	  joined	  the	  spawning	  
stock.	  Similar	  reproductive	  dynamics	  were	  also	  observed	  in	  P.elegans	  (Sanz,	  1987)	  and	  
P.macrodactylus	   (Omori	  and	  Chida,	  1988a;	  1988b).	  Therefore,	  different	  breeding	  age	  
groups	  are	  likely	  to	  have	  been	  present	  in	  the	  sample	  analysed	  herein.	  	  
Differences	  in	  the	  intercepts	  of	  allometric	  regression	  lines	  are	  regarded	  as	  indicating	  
absolute	  fecundity	  contrasts.	  In	  this	  population,	  egg	  loss	  between	  early	  and	  late	  stages	  
was	   very	   low,	   in	   spite	   of	   a	   significant	   swelling	   of	   the	   eggs	   during	   embryogenesis.	  
According	   to	   Kuris	   (1991),	   brood	   mortality	   is	   not	   a	   necessary	   consequence	   of	   egg	  
swelling,	  which	  takes	  place	  in	  all	  brooding	  crustaceans.	  In	  this	  study,	  the	  5%	  estimate	  
may	  underestimate	  the	  total	  loss,	  because	  results	  were	  only	  drawn	  for	  the	  incubation	  
period.	   In	   other	   palemonids,	   egg	   loss	   during	   brooding	   is	   usually	   significantly	   higher	  
(Reeve,	   1969;	   Balasundaran	   and	   Pandian,	   1982;	   Corey	   and	   Reid,	   1991).	   Here,	   brood	  
mortality	   was	   independent	   of	   female	   size,	   a	   pattern	   observed	   in	   many	   crustaceans	  
(Rajyalakshmi,	  1961;	  Kuris,	  1991;	  Oh	  and	  Hartnoll,	  1999).	  
This	  study	  shows	  a	  change	   in	   the	  relative	  growth	  of	  P.longirostris	  at	  maturity,	  but	  
there	   is	   also	  a	   growth-­‐phase	   in	  which	  different	   regression	   lines	  overlap.	   This	   implies	  
that	  none	  of	  the	  used	  methods	  per	  se	  was	  adequate	  to	  estimate	  size	  at	  maturity.	  The	  
Mature	   1	   separated	   morphotype	   I	   from	   morphotype	   II	   females,	   and	   the	   Mature	   2	  
separated	  young	  from	  adult	  females.	  The	  allometry	  of	  the	  pleura	  changed	  at	  8.0	  mm	  
CL,	   from	   positive	   to	   negative,	   corresponding	   to	   the	   pre-­‐puberty	   (young)	   and	   post-­‐
puberty	   (resting)	   phases.	   The	   smallest	   ovigerous	   female	   caught	   in	   the	   population	  
measured	   8.1	   mm	   CL,	   supporting	   the	   size	   at	   maturity	   estimate.	   Omori	   and	   Chida	  
(1988a)	   found	   such	   an	   inflection	   at	   8.5	  mm	  CL	   in	  Palaemon	  macrodactylus	   females,	  
also	   coinciding	   with	   the	   smallest	   ovigerous	   female.	   Two	   female	   morphs	   could	   be	  
distinguished	  in	  prawns	  larger	  than	  the	  size	  at	  maturity	  estimate,	  namely	  a	  resting	  and	  
a	  spawning	  morph.	  Similar	  morphs	  were	  observed	  for	  Palaemon	  macrodactylus	  (Omori	  
and	  Chida,	  1988a).	  These	  results	  suggest	   that	   the	  adult	   spawning	  morphotype	   is	   lost	  
after	   breeding,	   when	   females	   may	   moult	   to	   the	   resting	   form.	   Although	   rare	   in	  
decapods,	   moulting	   to	   a	   young-­‐like	  morphotype	   after	   the	   reproductive	   season	  may	  
also	  take	  place	  in	  brachyuran	  crabs	  (Flores	  and	  Negreiros-­‐Fransozo,	  1999).	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In	   crustaceans,	   reproduction	   requires	   large	   amounts	   of	   energy,	   often	   restraining	  
growth	  by	  reducing	  moult	   increments	  and	  extending	  the	   intermoult	  period	  (Hartnoll,	  
1982).	   As	   suggested	   for	   some	   brachyurans	   (Cheung,	   1969;	   Flores	   and	   Negreiros-­‐
Fransozo,	  1999),	  the	  change	  from	  a	  spawning	  to	  a	  resting	  form	  after	  breeding	  may	  be	  a	  
means	  of	  energy	  partitioning	  between	  growth	  and	  reproduction.	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Abstract	  
The	  growth	  of	  Palaemon	  longirostris	  H.	  Milne	  Edwards,	  1837	  was	  studied	  in	  Mira	  river	  
and	  estuary,	  SW	  Portugal,	  from	  October	  1990	  to	  September	  1991.	  Size	  was	  measured	  
as	  carapace	  length	  (CL),	  total	  body	  length	  (TL)	  and	  weight	  as	  wet	  weight	  (W).	  Females	  
grew	  to	  larger	  size	  than	  males.	  Carapace	  length-­‐frequency	  was	  used	  to	  determine	  the	  
von	  Bertalanffy	  growth	  equation:	  L(t)	  =	  11.68	  (1	  –	  e	   -­‐0.62	   (	   t	   +	   0.49))	  for	  males	  	  and	  L(t)	  =	  
16.32	  (	  1	  –	  e	  -­‐0.51	  (	   t	  +	  1.42))	  for	  females.	  The	  Munro’s	  growth	  performance	  index	  (φ)	  was	  
lower	   in	   males	   (1.927)	   than	   in	   females	   (2.133).	   Relationships	   between	   size	  
measurements	  and	  weight	  were	  described	  with	  regression	  equations.	  Significant	  sex-­‐
specific	   variation	   was	   found	   in	   the	   slopes	   of	   the	   allometric	   relationships.	   Female	  
carapace	   grew	   faster	   than	   total	   body	   length	   and	   weight	   and	   the	   opposite	   was	  
observed	  for	  males.	  In	  TL-­‐W	  relationships	  the	  weight	  increases	  faster	  than	  total	  body	  
length	  in	  females	  and	  slower	  in	  males.	  
	  
Introduction	  
Growth	  in	  Crustacea	  can	  be	  expressed	  as	  the	  increase	  with	  time	  of	  length,	  volume,	  
wet	  weight,	  or	  dry	  weight	  (Hartnoll,	  1982),	  and	  is	  essentially	  a	  discontinuous	  process,	  
with	  a	  succession	  of	  molts	  (or	  ecdyses)	  separated	  by	  intermolts.	  	  These	  repeated	  losses	  
of	  the	  tegument	  prevent	  an	  accurate	  age	  determination,	  based	  on	  the	  observation	  of	  
rigid	   parts.	   	   In	   Crustacea,	   age	   has	   to	   be	   determined	   indirectly	   from	   size	   after	   the	  
construction	  of	  some	  sort	  of	  age-­‐size	  key	  based	  on	  data	  from	  modal	  analysis	  or	  tagging	  
experiments	   (Cobb	   and	   Caddy,	   1989).	   To	   describe	   growth,	   three	  models	   are	   usually	  
used:	   von	   Bertalanffy	   growth	   curve,	   Gompertz	   function	   and	   the	   logistic	   model.	   	   All	  
these	  models	   describe	   asymptotic	   curves,	   but	   the	   von	  Bertalanffy	  model	   usually	   fits	  
better	   to	  data	   (Cobb	  and	  Caddy,	  1989).	  Crustaceans	  usually	   change	   in	   shape	  as	   they	  
grow,	  which	   is	  referred	  to	  as	  relative,	  allometric,	  or	  occasionally	  heterogonic	  growth.	  	  
Relative	   growth	   is	   obviously	   not	   exclusive	   to	   crustaceans,	   but	   is	   a	   feature	   of	   all	  
organisms.	   However,	   the	   rigid	   integument	   of	   Crustacea	   enables	   accurate	  
measurements	  to	  be	  made,	  and	  the	  large	  differences	  in	  shape	  associated	  with	  sex	  and	  
puberty	   make	   them	   a	   particularly	   attractive	   group	   for	   allometric	   studies	   (Hartnoll,	  
1982).	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Palaemon	   longirostris	  H.	  Milne	  Edwards,	  1837,	   is	  a	  palaemonid	  prawn	  common	   in	  
European	  estuaries.	  This	  species	  inhabits	  freshwater	  most	  of	  the	  year,	  but	  migrates	  to	  
the	  estuarine	  brackish	  waters	  to	  reproduce	  (Cartaxana,	  1994;	  Paula,	  1998).	  The	  whole	  
larval	   development	   takes	   place	   in	   mid	   estuarine	   waters	   (Paula,	   1998)	   and	   juveniles	  
migrate	  back	  to	   freshwater.	  Few	  data	  are	  available	  on	  Palaemon	   longirostris	  growth.	  
Marchand	   (1981)	   studied	   this	   species	   growth	   at	   the	   Loire	   estuary	   (France)	   and	  
presented	  size-­‐frequency	  distributions.	  Van	  Den	  Brink	  and	  Van	  der	  Velde	   (1986)	  also	  
studied	   P.longirostis	   growth	   at	   Rhine	   and	   Meuse	   rivers	   (Netherlands),	   only	   in	  
freshwater,	   with	   size-­‐frequency	   histograms	   and	   a	   growth	   curve,	   but	   without	  
presenting	  the	  growth	  equation.	  Sorbe	  (1983)	  established	  the	  relation	  between	  male	  
and	  female	  carapace	  and	  total	  body	  length.	  In	  studying	  the	  migrations	  of	  the	  species	  at	  
Mira	  River	  and	  estuary	  (Portugal),	  Cartaxana	  (1994)	  showed	  size-­‐frequency	  histograms	  
and	  the	  evolution	  of	  mean	  carapace	  length	  for	  one	  year	  of	  collections.	  	  
The	   lack	   of	   consistent	   data	   concerning	   growth	   of	   P.longirostris,	   during	   both	  
freshwater	  and	  estuarine	  phases	  of	  the	  life	  cycle,	  was	  the	  main	  reason	  of	  this	  study.	  As	  
growth	  can	  be	  quantified	  as	  an	  increase	  in	  total	  body	  length	  (TL),	  carapace	  length	  (CL)	  
or	  wet	  weight	  (W)	  it	  is	  important	  to	  know	  quantitative	  relationships	  of	  size	  and	  weight,	  
which	  can	  be	  used	  to	  predict	  one	  from	  another,	  especially	  in	  cultivation	  experiments.	  	  
The	   present	   work	   describes	   growth	   of	   Palemon	   longirostris	   at	   Mira	   River	   and	  
estuary.	  	  The	  von	  Bertalanffy	  equation	  was	  used	  to	  describe	  male	  and	  female	  growth.	  
Morphometric	   relationships	  among	  size	  dimensions	  and	  size-­‐weight	   relationships	  are	  
presented	   for	   males	   and	   females	   separately	   to	   look	   for	   sex-­‐specific	   differences	   in	  
growth.	  
	  
Materials	  and	  Methods	  
	  
Field	  collections	  were	  conducted	  monthly,	  from	  October	  1990	  to	  September	  1991,	  
at	   twelve	   collecting	   stations,	   along	   the	   estuary	   and	   river	   (Figure	   1).	   Sampling	   at	   the	  
nine	  estuarine	  stations	  (with	  salinity	  variation)	  was	  made	  with	  a	  bottom	  trawl	  (1.30	  m	  
width	  and	  1	  cm	  of	  mesh	  pore	  size),	   towed	   for	  10	  min	   in	  a	  straight	   line.	  At	   the	   three	  
river	   stations	   (always	   freshwater),	   shallow	   water	   prevented	   trawling,	   and	   collection	  
was	  made	  using	  a	  dip	  net	  (frame	  65	  cm	  3	  45	  cm,	  and	  mesh	  size	  of	  3	  mm),	  for	  20	  min.	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Collecting	   was	   always	   at	   low	   spring	   tides	   during	   the	   new	   moon	   period.	   Collected	  
specimens	  were	  preserved	   in	  70%	  ethanol.	  Data	  concerning	  distribution	  with	   salinity	  
and	  size-­‐frequency	  analysis	  were	  presented	  by	  Cartaxana	  (1994).	  
	  
	  
Figure	  1	  -­‐	  Location	  of	  the	  collecting	  stations	  in	  the	  Mira	  River	  and	  estuary,	  SW	  Portugal. 
	  
Carapace	   length	   (CL)	  was	  measured	   (to	   0.01	  mm),	   using	   an	   eyepiece	  micrometer	  
under	  a	  binocular	  microscope,	  from	  the	  base	  of	  the	  eyestalks	  to	  the	  posterior	  edge	  of	  
the	  carapace.	  Total	  body	  length	  (TL)	  was	  measured	  from	  the	  base	  of	  the	  eyestalks	  to	  
the	  base	  of	   the	   telson	  by	  using	  a	  divider	   and	  a	   ruler	   (to	  0.1	  mm);	   this	  measure	  was	  
used	  because	  the	  rostrum	  was	  broken	   in	  many	  specimens.	  Wet	  weight	  of	  specimens	  
was	  determined,	  after	  3	  min	  in	  filter	  paper,	  with	  an	  electronic	  balance	  (0.001	  g).	  	  
The	   presence	   (males)	   or	   absence	   (females)	   of	   the	   appendix	   masculina,	   at	   the	  
second	   pleopods,	   determined	   sex.	   Specimens	   under	   the	   minimum	   sexable	   size	  
(minimum	  size	  of	  males	  with	  appendix	  masculina)	  were	  not	  considered	  for	  this	  study	  
because	  of	  their	  low	  number.	  
Cohorts	  identification	  was	  made	  according	  to	  Battacharya	  (1967)	  method,	  with	  the	  
computer	  F.A.O.	  program,	  FiSAT	  (FAO-­‐ICLARM	  Stock	  Assessment	  Tools)	  from	  1994.	  The	  
analysis	  was	  done	  monthly	  for	  males	  and	  females,	  as	  there	  was	  sexual	  dimorphism	  in	  
size	   (Cartaxana,	   1994),	   and	   for	   estuarine	   and	   river	   stations,	   as	   different	   collecting	  
methods	  were	  used.	  The	  necessary	  data	  for	  this	  analysis	  was	  the	  absolute	  frequencies	  
observed	  for	  each	  size	  class.	  Size-­‐classes	  of	  1	  mm	  were	  used.	  In	  some	  months,	  due	  to	  
low	  number	  of	  specimens,	  probably	  due	  to	  migration,	  the	  method	  was	  not	  applied.	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Growth	  is	  usually	  described	  by	  growth	  parameters,	  and	  their	  determination	  may	  be	  
done	   by	   several	   methods,	   depending	   on	   available	   data.	   The	   estimation	   of	   the	  
asymptotic	   length,	   L∞,	   the	   largest	   theoretical	   size	   a	   species	   could	   attain,	   was	   made	  
using	   the	   carapace	   length	   (CL)	   and	   according	   to	   the	   relationship	   obtained	   by	   Taylor	  
(1962):	   L∞	   ≈	   Lmax	   /	   0.95.	   Pauly	   (1984),	   states	   that	   there	   is	   usually	   a	   good	   relation	  
between	   Lmax,	   the	   length	   of	   the	   largest	   collected	   specimen,	   and	   the	   L∞.	   The	   von	  
Bertalanffy	  growth	  model	  is	  widely	  used,	  fitting	  better	  to	  data,	  especially	  for	  short	  life	  
span	   species	   (Cobb	  &	  Caddy,	  1989).	   The	  model	  expresses	   the	  growth	   rate	  as	  an	  age	  
function	  through	  the	  equation:	  L	  (t)	  =	  L∞	  (1	  –	  e	  -­‐K	  (t-­‐t°)	  ).	  The	  resultant	  growth	  curves,	  and	  
not	  the	  parameters	  one	  by	  one,	  should	  be	  compared	  (Sparre	  et	  al.,	  1989).	  Pauly	  and	  
Munro	  (1984)	  suggested	  that	  the	  “overall	  growth	  performance”	  is	  reflected	  by:	  φ	  =	  2	  
log	  L∞	  +	  log	  K,	  using	  the	  asymptotic	  carapace	  length	  in	  millimeters.	  	  
The	  linearized	  form	  of	  the	  allometric	  model	  (Y=	  aXb)	  was	  used	  to	  fit	  straight	  lines	  to	  
log	  transformed	  body	  measurements	   (carapace	   length	   (CL),	   total	   length	   (TL)	  and	  wet	  
weight	  (W)	  to	  obtain	  the	  growth	  coefficient	  (b)	  and	  the	  intercept	  (a).	  
The	   carapace	   length	  was	   used	   as	   the	   reference	  measure,	   as	   the	   inclusion	   of	   the	  
flexible	  abdomen	  may	   lead	  to	  errors	   (Heydorn,	  1969),	  and	   is	   less	  affected	  by	  growth	  
and	  sexual	  maturity	  variations	  (Finney	  and	  Abele,	  1981;	  Lovett	  and	  Felder,	  1989)	  and	  
by	   fixation	   (McCoy,	   1972).	   In	   order	   to	   facilitate	   comparison	  with	   other	   authors,	   the	  
relationship	  between	  total	  body	  length	  (TL)	  and	  weight	  was	  also	  performed.	  	  
The	  significance	  of	  the	  regression	  equations	  was	  tested	  by	  means	  of	  t-­‐tests	   (Sokal	  
and	  Rohlf,	  1981).	  Significant	  departures	  from	  the	  theoretical	  isometric	  value	  (H0:	  β=1,	  
in	  relationships	  among	  size	  dimensions	  and	  H0:	  β=3,	  in	  size-­‐weight	  relationships)	  were	  
verified	   with	   Student’s	   t-­‐tests	   (Sokal	   and	   Rohlf,	   1981).	   	   Analyses	   of	   covariance	  
(ANCOVA)	  were	  performed	  to	  compare	  slopes	  in	  bi-­‐log	  CL	  vs.	  TL,	  CL	  vs.	  W	  and	  TL	  vs.	  W	  
regressions	  between	  males	  and	  females	  (Zar,	  1984).	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Results	  
The	  maximum	  male	  and	  female	  carapace	  length	  (CL)	  observed	  in	  this	  P.longirostris	  
population	  was	  11.1	  and	  15.5	  mm,	  respectively.	  The	  cohorts	   identification	  was	  made	  
separately	   for	  males	  and	  females,	  and	  for	  river	  and	  estuarine	  collections.	  The	  results	  
are	  presented	   in	   Table	   1.	  Only	  one	   cohort	  was	   identified	   in	   the	  majority	   of	  months.	  
Two	  cohorts	  were	   identified	   in	  June	  and	  August	  for	  females	  and	  in	  August	  for	  males,	  
always	   in	   estuarine	   collections.	   The	   results	   obtained	   for	   river	   collections	   were	   very	  
irregular,	  probably	  due	  to	  estuarine	  migration	  of	  larger	  specimens.	  
	  
Table	  1	  -­‐	  Results	  obtained	  from	  size-­‐frequency	  analysis	  (Battacharya	  method).	  No	  –	  observed	  number;	  
Ne	  –	  estimated	  number;	  X	  –	  modal	  mean	  carapace	  length;	  sd	  –	  standard	  deviation;	  	  –	  undone	  analysis:	  
the	  number	  of	  specimens	  was	  very	  low	  or	  its	  size-­‐class	  distribution	  made	  the	  analysis	  impossible. 
	   	   RIVER	  (♀)	   	   RIVER	  (♂)	   	   ESTUARY	  (♀)	   	   ESTUARY	  (♂)	  
DATE	   	   No	   Ne	   X	   sd	   	   No	   Ne	   X	   sd	   	   No	   Ne	   X	   sd	   	   No	   Ne	   X	   sd	  
Oct	  90	   	   73	   73	   6.35	  0.915	   	   52	   49	   5.32	  0.526	   	   0	   -­‐	   -­‐	   -­‐	   	   0	   -­‐	   -­‐	   -­‐	  
Nov	  90	   	   157	   156	   6	   0.953	   	   117	   117	   5.26	  0.592	   	   50	   45	   11.19	   0.940	   	   27	   23	   6.5	   0.908	  
Dec	  90	   	   5	   -­‐	   -­‐	   -­‐	   	   6	   -­‐	   -­‐	   -­‐	   	   62	   56	   11.17	   0.911	   	   36	   36	   7.02	   1.090	  
Jan	  91	   	   0	   -­‐	   -­‐	   -­‐	   	   0	   -­‐	   -­‐	   -­‐	   	   283	   263	   11.41	   1.097	   	   170	   167	   7.41	   0.942	  
Feb	  91	   	   0	   -­‐	   -­‐	   -­‐	   	   0	   -­‐	   -­‐	   -­‐	   	   108	   105	   11.63	   1.407	   	   27	   25	   7.33	   0.561	  
Mar	  91	   	   40	   39	   6.36	  0.902	   	   8	   -­‐	   -­‐	   -­‐	   	   438	   368	   11.81	   1.035	   	   168	   167	   7.64	   1.117	  
Apr	  91	   	   0	   -­‐	   -­‐	   -­‐	   	   0	   -­‐	   -­‐	   -­‐	   	   172	   161	   12.01	   0.925	   	   124	   120	   7.74	   1.025	  
May	  91	   	   26	   -­‐	   -­‐	   -­‐	   	   0	   -­‐	   -­‐	   -­‐	   	   29	   23	   12.64	   0.898	   	   5	   -­‐	   -­‐	   -­‐	  
Jun	  91	   	   49	   48	   6.17	  0.978	   	   37	   36	   6.24	  0.687	   	   98	   45	  53	  
4.60	  
9.97	  
0.532	  
1.865	   	   153	   146	   7.32	   1.030	  
Jul	  91	   	   117	   117	   6.11	  0.745	   	   61	   59	   5.17	  0.580	   	   37	   -­‐	   -­‐	   -­‐	   	   123	   122	   7.23	   1.096	  
Aug	  91	   	   148	   148	   5.98	  1.413	   	   66	   58	   5.26	  0.700	   	   87	   46	  33	  
4.69	  
8.78	  
0.634	  
1.218	   	   57	  
37	  
18.75	  
4.56	  
7.66	  
0.646	  
0.882	  
Sep	  91	   	   167	   166	   6.27	  1.130	   	   99	   94	   5	   0.567	   	   11	   -­‐	   -­‐	   -­‐	   	   11	   -­‐	   -­‐	   -­‐	  
	  
	  
The	   mean	   carapace	   length	   of	   the	   cohorts	   and	   standard	   deviations	   obtained	   for	  
males	  and	  females	  collected	  from	  estuarine	  waters	  are	  represented	  in	  Figure	  2.	  It	  was	  
possible,	   for	   females,	   to	   follow	   a	   cohort	   from	   November	   to	   May	   (females1).	   Since	  
December,	  the	  mean	  CL	  rises	  until	  the	  maximum	  value	  of	  12.64	  mm	  in	  May.	  A	  cohort	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was	  also	  identified	  for	  males	  (males1),	  from	  November	  to	  April	  with	  a	  maximum	  size	  of	  
7.74	  mm.	  A	  decrease	  in	  female	  and	  male	  modal	  mean	  CL	  was	  observed	  in	  subsequent	  
months,	  probably	  due	  to	  recruitment	  of	  juveniles	  from	  early	  season	  broods.	  
	  
	  
	  
	  
Figure	   2	   -­‐	  P.longirostris	  male	   and	   female	   (collected	   at	   the	   estuarine	   area)	  mean	   carapace	   length	   and	  
standard	   deviation,	   obtained	   by	   modal	   analysis.	   Females/Males	   -­‐	   united	   by	   a	   line,	   the	   mean	   CL	  
considered	  to	  belong	  to	  the	  same	  cohorts;	  Females	  2,	  3	  and	  Males	  2	  –	  other	  cohorts	  identified	  by	  modal	  
analysis.	  
	  
	  
The	   value	   of	   the	   asymptotic	   carapace	   length	  was,	   according	   to	   Taylor’s	   rule,	   L∞	   =	  
11.68	  mm	  for	  males	  and	  L∞	  =	  16.32	  mm	  for	   females.	  The	  determined	  von	  Bertalanffy	  
equations	  were	  L(t)	  =	  11.68	  (1	  –	  e	  -­‐0.62	  (	  t	  +	  0.49))	  for	  males	  and	  L(t)	  =	  16.32	  (	  1	  –	  e	  -­‐0.51	  (	  t	  +	  
1.42))	  for	  females	  and	  are	  represented	  in	  Figure	  3,	  being	  L(t)	  the	  carapace	  length	  in	  mm,	  
K	  values	  per	  year	  and	  t	  in	  units	  of	  years.	  The	  growth	  rate	  (K)	  was	  higher	  for	  males	  (0.62	  
year	   -­‐1)	   than	   for	   females	   (0.51	  year	   -­‐1).	   The	  value	  of	   t0	  was	   lower	   for	   females	   (-­‐1.42)	  
than	  males	  (-­‐0.49).	  The	  asymptotic	  carapace	  length	  (L∞)	  is	  much	  higher	  in	  females	  than	  
males.	  The	  growth	  performances	  (φ)	  calculated	  were	  2.133	  for	  females	  and	  1.927	  for	  
males.	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Figure	  3	  -­‐	  The	  von	  Bertalanffy	  growth	  curve	  for	  male	  and	  female	  P.longirostris.	  L(t)	  represents	  the	  
carapace	  length	  in	  millimeters	  and	  t	  the	  time	  in	  units	  of	  years.	  
	  
	  
Table	   2	   -­‐	   Results	   from	   regressions	   of	   CL	   on	   TL,	   CL	   on	  W	   and	   TL	   on	  W	   (least	   square	  method,	  with	   log-­‐
transformed	  data)	  for	  males	  and	  females.	  	  N	  -­‐	  number	  of	  specimens	  used	  in	  the	  regression;	  r2	  –	  coefficient	  
of	  determination;	  sb	  –	  standard	  error	  of	  the	  regression	  coefficient,	  b	  ;	  –	  	  =	  negative	  allometry;	  	  +	  =	  positive	  
allometry;	  Log	  indicates	  logarithms	  of	  base	  10.	  	  
Sex	   N	   Regression	  equation	   r2	   sb	   t	  (1)	   Allometric	  
level	  
♀	   1229	   Log	  TL	  =	  0.517	  +	  0.958	  Log	  CL	   0.98911	   0.00287	   333.9*	   -­‐	  
♂	   911	   Log	  TL	  =	  0.466	  +	  1.061	  Log	  CL	   0.97791	   0.00529	   200.6*	   +	  
♀	   1232	   Log	  W	  =	  -­‐3.005	  +	  2.884	  Log	  CL	   0.98651	   0.00961	   198.6*	   -­‐	  
♂	   994	   Log	  W	  =	  -­‐3.112	  +	  3.088	  Log	  CL	   0.97546	   0.01555	   300*	   +	  
♀	   1122	   Log	  W	  =	  -­‐4.603	  +3.039	  Log	  TL	   0.99454	   0.00673	   451.6*	   +	  
♂	   908	   Log	  W	  =	  -­‐4.494	  +	  2.929	  Log	  TL	   0.98922	   0.01016	   288.4*	   -­‐	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The	  regression	  statistics	  of	  log-­‐transformed	  data	  obtained	  for	  CL	  on	  TL,	  CL	  on	  W	  and	  
TL	  on	  W	  are	  summarized	   in	  Table	  2.	   	   In	  all	  equations	  significant	   relationships	  among	  
the	   variables	   (p<0.001)	   were	   found.	   All	   morphometric	   regressions	   were	   calculated	  
separately	   for	   males	   and	   females.	   Significant	   differences	   indicate	   sex-­‐specific	  
differences	   in	   allometric	   growth	   and,	   thus,	   reflect	   sexual	   dimorphism	   (Anger	   and	  
Moreira,	  1998).	  
In	  the	  relationships	  between	  CL	  and	  TL	  (Figure	  4),	  significant	  differences	  were	  found	  
between	   male	   and	   female	   regression	   coefficient	   (ANCOVA;	   p<0.05)	   and	   from	   the	  
expected	   isometric	   value	   of	   1	   (t-­‐test;	   p<0.05).	   The	   allometry	   was	   positive	   in	  males,	  
indicating	  that	  TL	  increases	  proportionally	  faster	  in	  relation	  to	  CL.	  In	  females	  a	  negative	  
allometry	  was	  observed,	  indicating	  that	  growth	  of	  CL	  is	  faster	  than	  TL.	  	  
In	   lenth-­‐weight	   relationships,	   significant	   differences	   were	   also	   observed	   between	  
males	   and	   females	  b	   coefficient	   (ANCOVA;	  p<0.05)	   and	   from	   the	  expected	   isometric	  
value	  of	  3	  (t-­‐test;	  p<0.05).	  The	  relationship	  between	  CL	  and	  W	  is	  represented	  in	  Figure	  
5.	  In	  males	  the	  positive	  allometry	  indicates	  that	  the	  weight	  increases	  during	  growth	  in	  
relation	   to	   CL	   and	   in	   females	   the	   CL	   increases	   faster	   than	   the	   weight	   (negative	  
allometry).	  In	  contrast,	  the	  relation	  between	  TL	  and	  W	  revealed	  a	  positive	  allometry	  in	  
females	  and	  a	  negative	  one	  in	  males	  (Figure	  6).	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Figure	   4	   -­‐	   Relationship	   between	   carapace	   length	   (CL)	   and	   total	   body	   length	   (TL)	   in	  male	   and	   female	  
P.longirostris;	  graphic	  presentation	  of	  allometric	  equations	  linearised	  	  by	  log-­‐log	  transformation	  of	  data;	  
see	  Table	  2	  for	  more	  information	  on	  regression	  statistics.	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Figure	  5	  -­‐	  Relationship	  between	  carapace	  length	  (CL)	  and	  weight	  (W)	  in	  male	  and	  female	  P.longirostris;	  
graphic	  presentation	  of	  allometric	  equations	  linearised	  by	  log-­‐log	  transformation	  of	  data;	  see	  Table	  2	  for	  
more	  information	  on	  regression	  statistics	  
	  
	  
	  
Figure	  6	  -­‐	  Relationship	  between	  total	  body	  length	  (TL)	  and	  weight	  (W)	  in	  male	  and	  female	  P.longirostris;	  
graphic	  presentation	  of	  allometric	  equations	  linearised	  by	  log-­‐log	  transformation	  of	  data;	  see	  Table	  2	  for	  
more	  information	  on	  regression	  statistics.	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Discussion	  
Sexual	  dimorphism	  in	  size	  is	  very	  pronounced	  in	  P.longirostris,	  with	  females	  growing	  
to	  larger	  size	  than	  males.	  Identical	  results	  were	  observed	  for	  several	  other	  palaemonid	  
species:	  Palaemon	   elegans	   (Forster,	   1951;	   Berglund,	   1983;	   Sanz,	   1987),	   P.	   adspersus	  
(Jensen,	   1958;	   Berglund,	   1983;	   Figueras,	   1984;	   Klaoudatos	   and	   Tsevis,	   1987),	  
P.serratus	   (Figueras,	   1984;	   Guerao	   and	   Ribera,	   2000),	   P.macrodactylus	   (Omori	   and	  
Chida,	  1988),	  P.xiphias	   (Guerao	  et	  al.,	  1994),	  P.northropi,	  P.pandaliformis	   (Anger	  and	  
Moreira,	   1998),	   Palaemonetes	   argentinus	   (Spivak,	   1997)	   and	   Macobrachium	   ohione	  
(Truesdale	  and	  Mermilliod,	  1979).	  	  This	  sexual	  dimorphism	  may	  be	  related	  to	  the	  fact	  
that	  females	  may	  benefit	  from	  a	  larger	  size,	  as	  the	  larger	  they	  are,	  more	  eggs	  they	  can	  
carry	   (Berglund,	   1983).	   The	   opposite	   was	   observed	   in	   Macrobrachium	   species:	  
M.acantharus,	   M.olfersii	   (Anger	   and	   Moreira,	   1998).	   According	   to	   Guest	   (1979),	  
M.ohione	   is	   an	   exception	   in	   the	   sexual	   dimorphism	   pattern	   within	   its	   genus.	  
Interestingly,	  M.ohione	   is	   the	   only	  Macrobrachium	   species	   here	   referred	   that	   is	   not	  
exclusive	  to	  freshwater.	  	  
Although	   females	   attained	   larger	   sizes,	   their	   growth	   rate	   was	   lower	   than	   that	   of	  
males.	   The	   growth	   curves	   were	   determined	   for	   the	   period	   of	   November	   to	   May	  
(females)	  and	  to	  April	   (males),	  only	   in	  estuarine	  waters.	  As	   this	  population	  starts	   the	  
breeding	   period	   in	   January	   in	   the	   estuary	   (Cartaxana,	   1994),	   a	   significant	   fraction	  of	  
the	  analysed	  females	  were	  ovigerous	  and	  this	  may	  result	  in	  a	  reduction	  of	  the	  growth	  
rate.	   A	   slow	   growth	   of	   reproductive	   females	   of	   Palaemon	   xiphias	   in	   the	   breeding	  
season	   was	   observed	   by	   Guerao	   et	   al.	   (1994),	   although	   the	   calculated	   growth	  
equations	   show	   a	   higher	   growth	   rate	   in	   females	   than	   in	   males.	   Other	   palaemonid	  
species	   presents	   higher	   growth	   rates	   in	  males	   than	   in	   females,	   like	  P.adspersus	   and	  
P.serratus	  (Figueras,	  1986),	  and	  Macrobrachium	  potiuna	  (Souza	  and	  Fountoura,	  1995).	  
The	  investment	  of	  energy	  in	  reproduction	  inhibits	  growth	  by	  reducing	  molt	  increment	  
and	  extending	   the	   intermolt	  period	   (Hartnoll,	  1985).	  According	   to	  Wickins	  and	  Beard	  
(1974)	   it	   is	   expected	   that	   female	   growth	   will	   be	   reduced	   during	   the	   reproduction	  
period,	   since	   a	   proportion	   of	   the	   available	   energy	   is	   used	   for	   the	   development	   of	  
oocyts.	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The	  growth	  rates	  observed	  for	  P.longirostris	  were	  higher	  than	  those	  determined	  by	  
Klaudatos	  and	  Tsevis	  (1987)	  for	  Palaemon	  adspersus	  and	  by	  Souza	  and	  Fontoura	  (1995)	  
for	   Macrobrachium	   potiuna.	   Much	   higher	   growth	   rates	   were	   found	   in	   Palaemon	  
adpersus	   (Figueras,	   1986),	   P.xiphias	   (Guerao	   et	   al.,	   1994)	   and	   Macrobrachium	  
völlenhovenii	  (Gabche	  and	  Hockey,	  1995;	  Etim	  and	  Sankare,	  1998);	  however,	  all	  these	  
species	  have	  higher	   values	  of	   L∞.	   The	  direct	   comparison	  of	   growth	  parameters	   is	  not	  
biologically	  plausible	  because	  the	  growth	  pattern	  of	  shrimps	  is	  not	  linear.	  For	  instance,	  
one	  stock	  can	  grow	  faster	  than	  another	  when	  young	  and	  slower	  when	  older,	  thus	  both	  
L∞	   and	   K	   must	   be	   taken	   in	   consideration	   (Etim	   and	   Sankare,	   1998).	   The	   growth	  
performance	  index	  (φ)	   is	  an	  indication	  of	  the	  well-­‐being	  of	  aquatic	  species	  relative	  to	  
its	  environment	  (Gabche	  and	  Hockey,	  1995)	  and	  it	  is	  an	  easy	  procedure	  for	  comparing	  
growth	  curves	  of	  shrimps,	  whenever	  the	  same	  units	  are	  used	  (Pauly	  and	  Munro,	  1984).	  
In	  this	  study,	  females	  showed	  higher	  growth	  performance	  (φ	  =	  2.133)	  than	  males	  (φ	  =	  
1.927),	  although	  males	  presented	  higher	  values	  of	  K.	  	  
The	   reduction	  of	   the	  mean	  carapace	   length	  of	  males	  and	   females	   from	  May	  on	   is	  
probably	   due	   to	   the	   recruitment	   of	   juveniles	   in	   that	   period.	   The	   peak	   of	   ovigerous	  
females	  in	  the	  estuary	  was	  in	  March	  (Cartaxana,	  1994)	  of	  the	  same	  year,	  and	  duration	  
of	   development	   to	   reach	   final	   zoeal	   stage	   is	   approximately	   one	   semilunar	   period	  
(Paula,	  1998).	  If	  larval	  release	  started	  in	  January	  we	  could	  expect	  to	  observe,	  in	  May,	  3-­‐
4	  month	  old	  juveniles.	  Present	  data	  suggests	  that	  the	  longevity	  of	  the	  species	  is	  around	  
15	  months.	  As	  this	  is	  a	  migratory	  species,	  it	  was	  not	  possible	  to	  confirm	  whether	  larger	  
specimens	   died	   or	   migrated	   upstream	   to	   freshwater	   environments.	   	   However,	   no	  
larger	   specimens	   were	   observed	   at	   river	   stations	   suggesting	   that	   they	   die	   after	  
reproduction,	   in	   their	   second	   year	   of	   life.	   Sorbe	   (1983)	   for	  Gironde,	   France	   and	  Van	  
Den	  Brink	  and	  Van	  der	  Velde	  (1986)	  for	  the	  Netherlands,	  determined	  a	  maximum	  age	  
of	  two	  years	  for	  P.longirostris.	  The	  longevity	  of	  P.longirostris	  is	  similar	  to	  that	  of	  other	  
species	  of	  the	  genus,	  such	  as	  P.elegans	  (see	  Sanz,	  1987)	  and	  P.xiphias	  (see	  Guerao	  et	  
al.,	  1994),	  in	  Spain.	  
Sex-­‐specific	   differences	   were	   observed	   in	   the	   relations	   between	   body	  
measurements,	  as	  observed	  for	  other	  palaemonid	  species	  (Guerao	  et	  al.,	  1994;	  Anger	  
and	  Moreira,	  1998;	  	  Guerao	  and	  Ribera,	  2000).	  The	  faster	  carapace	  growth	  in	  relation	  
to	   weight	   in	   females	   could	   be	   explained	   by	   the	   much	   more	   developed	   gonads	   in	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females	  than	   in	  males	   (Sanz,	  1987).	  Females	  total	  body	   length	   increases	  slower	  than	  
weight,	  as	  observed	  in	  Palaemon	  xiphias	  (see	  Guerao	  et	  al.,	  1994)	  and	  P.	  serratus	  (see	  
Guerao	  and	  Ribera,	  2000).	   In	  other	  palaemonid	  species,	  although	  both	  sexes	  present	  
positive	  allometry,	  a	  higher	  slope	  was	  consistently	  observed	   in	   females	  of	   the	  genus	  
Palaemon	  (Sanz,	  1987;	  Anger	  and	  Moreira,	  1998)	  whereas	  species	  of	  Macrobrachium	  
show	   the	  opposite	   trend	   (Ogawa	   and	  Kakuda,	   1986;	  Anger	   and	  Moreira,	   1998).	   The	  
faster	  weight	  gain	  in	  relation	  to	  total	  length	  in	  Palaemon	  females	  could	  be	  caused	  by	  
proportionally	   greater	   tissue	   production	   in	   the	   ovaries	  when	   compared	  with	   that	   in	  
the	   testes,	   which	   may	   be	   overcompensated	   in	  Macrobrachium	   species	   by	   stronger	  
sexual	   dimorphism	   in	   other	   body	   parts,	   namely	   the	   chelae	   of	   males	   (Anger	   and	  
Moreira,	   1998).	   According	   to	   these	   authors,	   these	   differential	   sex-­‐specific	   patterns	  
appear	  to	  reflect	  generic	  differences	  in	  sexual	  dimorphism.	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General	  discussion	  
Assigning	   organisms	   to	   a	   particular	   species	   may	   be	   a	   difficult	   task,	   especially	   in	  
allopatric	   populations	   (Mayr	   and	   Ashlock,	   1991;	   Daniels	   et	   al.,	   2003).	   The	  
morphometric	  analysis	  performed	  in	  this	  study	  does	  not	  support	  the	  separation	  of	  the	  
two	  forms	  of	  white	  prawns,	  identified	  either	  as	  P.longirostris	  or	  P.garciacidi,	   into	  two	  
distinct	   species.	   Only	   females	   show	   consistent	   geographical	   variation	   in	   some	  
morphological	   characters.	   Based	   on	   mtDNA	   variation	   there	   is	   also	   no	   reason	   to	  
recognise	  the	  two	  forms	  as	  distinct	  species.	  
In	   spite	   of	   the	   existence	   of	   some	   geographic	   pattern,	   considerable	   overlap	   in	  
characters	  occurs	  among	  the	  studied	  populations,	  as	  also	  observed	  for	  M.australiense	  
(Lee,	  1979;	  Short,	  2004),	  and	  the	  differences	  were	  not	  consistent	  enough	  to	  warrant	  
the	  subdivision	  in	  two	  different	  species,	  or	  even	  subspecies	  as	  suggested	  by	  Lagardère	  
(1971).	   Morphometric	   differences	   between	   populations	   of	   the	   same	   species	   are	  
expected,	  even	   in	  those	  with	  planktonic	   larval	  stages	  and	  they	  do	  not	  always	   lead	  to	  
the	  recognition	  of	  different	  species	  (Henderson	  et	  al.,	  1990;	  De	  Grave	  and	  Diaz,	  2001).	  
Several	   palaemonids	   show	   a	   highly	   variable	   phenotypic	   expression	   of	   external	  
morphological	   traits	   that	   appear	   to	   result	   from	   local	   adaptation	   to	   environmental	  
conditions	   (Dimmock	   et	   al.,	   2004;	   Garcia-­‐Dávila,	   2005).	   In	   numerous	   crustacean	  
populations	   morphological	   variability	   has	   been	   referred	   as	   a	   possible	   adaptive	  
response	  to	  local	  abiotic	  characteristics	  (Cuesta	  and	  Schubart,	  1998;	  Grandjean	  et	  al.,	  
1998;	  Sarda	  et	  al.,	  1998;	  Clark	  et	  al.,	  2001;	  Brian	  et	  al.,	  2006).	  
Although	   the	   threshold	   for	   the	   ‘species-­‐level’	   distinction	   varies	   greatly	   between	  
decapod	  families	  and	  genera,	  molecular	  data	  seem	  to	  corroborate	  the	  morphological	  
analyses.	   The	   results	   obtained	   in	   this	   study	   do	   not	   support	   a	   geographical	   genetic	  
subdivision	   among	   the	   studied	   populations	   or	   the	   subdivision	   of	   these	   Atlantic	  
populations	   in	   two	   main	   groups	   (i.e.	   P.longirostris	   and	   P.garciacidi).	   Little	   genetic	  
divergence	  is	  often	  found	  in	  neutral	  markers	  between	  ecologically	  and	  morphologically	  
differentiated	   populations.	   According	   to	   Orr	   and	   Smith	   (1998),	   directional	   selection	  
may	  be	  strong	  enough	  to	  create	  morphological	  differences	  among	  populations	  despite	  
gene	   flow.	   Another	   possible	   explanation	   is	   that	   adaptive	   evolutionary	   changes	   in	  
morphology	  occurred	  too	  recently	  for	  neutral	  mtDNA	  to	  have	  diverged.	  Such	  a	  pattern	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is	  particularly	  likely	  to	  occur	  following	  a	  rapid	  population	  increase	  and	  range	  expansion	  
from	  a	  bottleneck	  population	  (Otvall	  et	  al.,	  2002).	  	  
According	   to	   some	   authors,	   P.longirostris	   completes	   its	   whole	   life	   cycle	   in	   the	  
estuaries	   (Sorbe,	   1983;	   Campbell	   and	   Jones,	   1989;	   González-­‐Ortegón,	   2006;	   Béguer,	  
2009).	   This	   behavior	   is	   not	   observed	   in	   the	   Mira	   population.	   Here,	   most	   of	   the	  
population	  lives	  in	  freshwater	  from	  July	  to	  November.	  From	  January	  to	  June,	  most	  of	  
the	  population	  remains	  at	  estuarine	  areas	  (Cartaxana,	  1994).	  
The	  distribution	  of	  prawns	  in	  the	  Mira	  River	  is	  related	  to	  salinity	  displacements.	  The	  
population	   dwells	   in	   lower	   estuarine	   areas	   during	  winter	  when	   the	   salinity	   gradient	  
advances	   downstream,	   due	   to	   freshwater	   input	   from	   the	   river.	   It	  migrates	   to	   upper	  
estuarine	  and	  river	  waters	  during	  summer	  when	  higher	  salinities	  are	  found	  upstream.	  
This	  pattern	  was	  also	  observed	   for	  P.longirostris	   by	  Marchand	   (1981)	   and	  Marchand	  
and	   Alliot	   (1981)	   for	   the	   Loire	   estuary,	   Sorbe	   (1983)	   for	   the	   Gironde	   in	   France,	   and	  
Marques	   and	   Costa	   (1984)	   for	   the	   Tagus	   estuary	   in	   Portugal.	   According	   to	   Béguer	  
(2009),	   the	   observed	   displacements	   in	   the	   Gironde	   population	   from	   lower	   to	   upper	  
estuarine	  areas	  are	  also	  related	  to	  salinity,	  in	  spite	  of	  the	  completion	  of	  the	  whole	  life	  
cycle	   in	  the	  estuarine	  environment.	  The	  author	  also	  refers	  that	  the	  population	   in	  the	  
Gironde	   concentrates	   in	   zones	   of	   maximum	   turbidity	   as	   observed	   in	   Mira	   estuary.	  
According	   to	   Béguer	   (2009)	   and	   Béguer	   et	   al.	   (2011a)	   females	   are	   dominant	   in	   the	  
oligohaline	   areas	   and	   males	   in	   the	   meso	   and	   polyhaline	   areas	   of	   the	   estuaries.	  
According	  to	  Cartaxana	  (1994)	  the	  male	  and	  female	  migration	  is	  not	  synchronous,	  with	  
females	  beginning	  to	  migrate	  down	  to	  the	  estuary	  before	  males	  and	  up	  the	  river	  at	  the	  
end	  of	  the	  reproductive	  period.	  	  
Many	  species	  perform	  migrations	  to	  find	  different	  habitat	  requirements	  in	  specific	  
periods	  of	  the	  life	  cycle,	  such	  as	  shelter	  and	  special	  conditions	  for	  reproduction.	  In	  the	  
case	  of	  reproductive	  migrations,	  those	  moves	  partly	  reflect	  the	  inability	  of	  populations	  
to	   completely	   escape	   from	   the	   requirements	   for	   reproduction	   of	   their	   ancestors	  
(Dingle,	   1996).	   The	  migratory	   behavior	   varies	   between	   populations	   and	   species	   but	  
also	  among	   individuals	  of	   the	   same	  population,	   in	  distance,	   in	  direction	  and	   in	   time.	  
Many	   of	   these	   differences	   are	   observed	   between	   sexes	   and	   reflect,	   presumably,	  
differences	  in	  benefits	  and	  costs	  of	  migration	  (Dingle,	  1996).	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The	   migration	   downstream	   during	   the	   rainy	   season	   coincides	   with	   the	   first	  
occurrence	  of	  ovigerous	  females	  in	  the	  P.longirostris	  population.	  Berried	  females	  were	  
never	  collected	  at	  freshwater	  environments	  neither	  in	  Mira	  nor	  in	  other	  estuaries	  like	  
the	   Loire	   (Marchand,	   1981)	   or	   the	   Gironde	   (Sorbe,	   1983),	   suggesting	   a	   correlation	  
between	  migration	  and	   reproduction.	  Migration	   to	  more	   saline	  environments	  during	  
the	  rainy	  season	  is	  essential	  for	  reproduction	  and	  consequently	  for	  the	  completion	  of	  
P.longirostris	  life	  cycle.	  Females	  of	  several	  palaemonid	  species	  incubating	  embryos	  also	  
appear	   in	   coastal	   estuaries	   or	   nearshore	   coastal	   waters	   during	   the	   reproductive	  
season.	   This	   is	   coincident	  with	   the	   high	  water	   flood	   season	   of	   the	   rivers	   that	   adults	  
inhabit.	   	   In	  many	  catadromous	  species	  hatching	  and/or	   release	  of	   larvae	  also	  concur	  
with	  high	  river	  or	  stream	  flows,	  which	  facilitate	  both	  female	  migration,	  when	  it	  occurs,	  
and	   rapid	   larval	  drift	   to	   the	   sea	   (Bauer,	  2013).	  Reproductive	  migrations	  are	  essential	  
elements	  of	  diadromy	   (Meyers,	   1949).	   Therefore,	  P.longirostris	  may	  be	   considered	  a	  
catadromous	  species	  that	  migrates	  from	  fresh	  to	  brackish	  water	  to	  reproduce.	  Meyers	  
(1949)	  also	  defined	  the	  term	  anadromous	  that	  applies	  to	  species	  that	  spawn	  and	  hatch	  
in	   freshwater.	   Further,	   the	   author	   proposed	   the	   term	   amphidromous	   to	   species	   in	  
which	  larvae,	  or	  other	  stage	  of	  the	  life	  cycle,	  move	  to	  the	  sea	  or	  vice-­‐verse	  to	  feed	  and	  
grow.	   McDowall	   (2007)	   also	   uses	   this	   terminology.	   However,	   more	   recently,	   Bauer	  
(2011a,	   2011b,	   2013)	   and	   Rome	   et	   al.	   (2009)	   considered	   also	   as	   amphidromous	  
shrimps	  species	  where	  females	  deliver	  first	  stage	  larvae	  either	  by	  releasing	  them	  into	  
the	  stream	  current	  (drift)	  or	  by	  migrating	  downstream	  to	  release	  them,	  as	  is	  the	  case	  
with	   P.longirostris	   from	   the	   Mira	   River.	   Amphidromous	   (ELD-­‐extended	   larval	  
development)	   species	   generally	   have	   broader	   geographic	   ranges	   than	   non-­‐
amphidromous	  species	  in	  the	  same	  taxon.	  Gene	  flow	  among	  populations	  of	  the	  same	  
species	   tends	   to	   be	   greater	   in	   amphidromous	   or	   presumed	   (small	   egg	   size)	  
amphidromous	  species	  (Page	  et	  al.,	  2005,	  2007,	  2008;	  Cook	  et	  al.,	  2006;	  Mashiko	  and	  
Shy,	  2008).	  	  
The	  reproductive	  period	  observed	  in	  the	  Mira	  River	  population	  is	  much	  longer	  than	  
that	   observed	   in	   other	   populations	   of	   this	   species.	   For	   example,	   Holthuis	   (1950)	  
reported	  a	  reproductive	  period	  from	  May	  to	  July	  in	  the	  Netherlands;	  Zariquiey	  Alvarez	  
(1968)	   observed	   ovigerous	   females	   only	   from	  March	   through	   June;	   Smaldon	   (1979)	  
reported	   the	   occurrence	   of	   ovigerous	   females	   from	   April-­‐	  May	   to	   August	   along	   the	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British	   coasts;	  Marchand	   (1981)	  designated	   the	  period	  March-­‐April	   to	   July-­‐August	   as	  
the	  reproductive	  period	   in	  the	  Loire;	  and	  Sorbe	  (1983)	  and	  Béguer	  (2009)	  reported	  a	  
period	   from	  April	   to	   July	   in	  Gironde.	  Thus,	   in	  estuaries	   from	  southern	   regions	  of	   the	  
species	  distribution,	   the	  reproductive	  period	  seems	  to	  begin	  earlier	  and	  to	  be	   longer	  
than	   in	  northern	  regions.	  This	  may	  be	  related	  to	  higher	  water	   temperatures	   in	   these	  
areas.	  	  
Other	   reproductive	   parameters,	   such	   as	   size	   at	   sexual	   maturity,	   are	   modified	   by	  
habitat	  conditions	  correlated	  with	  latitude	  such	  as	  water	  temperature,	  nutrient	  supply,	  
and	  resultant	  primary	  productivity	  that	  forms	  the	  basis	  of	  the	  larval	  food	  supply	  and	  a	  
delay	  of	  the	  sexual	  maturity	  is	  observed	  with	  increasing	  latitude	  (Castilho	  et	  al.,	  2007).	  
In	  the	  Mira	  River	  population,	  Cartaxana	  (1994)	  found	  a	  decrease	  in	  the	  average	  size	  of	  
ovigerous	   females	   towards	   the	   end	   of	   the	   breeding	   season.	   This	   is	   because	   females	  
recruit	  earlier	  in	  the	  reproductive	  period	  progressively	  joining	  the	  spawning	  stock.	  The	  
smallest	  ovigerous	  female	  caught	   in	  the	  population	  measured	  8.1	  mm	  CL,	  supporting	  
the	  8.0	  mm	  estimates	  as	  size	  at	  maturity.	  Two	  female	  morphs	  can	  be	  distinguished	  in	  
prawns	   larger	   than	   the	   size	   at	   maturity	   estimate,	   namely	   a	   resting	   and	   a	   spawning	  
morph.	  Similar	  morphs	  were	  observed	  for	  Palaemon	  macrodactylus	  (Omori	  and	  Chida,	  
1988).	   These	   results	   suggest	   that	   the	   adult	   spawning	   morphotype	   is	   lost	   after	  
breeding,	   when	   females	   may	   moult	   to	   a	   resting	   form.	   Although	   rare	   in	   decapods,	  
moulting	   to	   a	   young-­‐like	   morphotype	   after	   the	   reproductive	   season	   may	   also	   take	  
place	   in	   brachyuran	   crabs	   (Flores	   and	   Negreiros-­‐Fransozo,	   1999).	   In	   crustaceans,	  
reproduction	  requires	   large	  amounts	  of	  energy,	  often	  restraining	  growth	  by	  reducing	  
moult	  increments	  and	  extending	  the	  intermoult	  period	  (Hartnoll,	  1982).	  As	  suggested	  
for	   some	   brachyurans	   (Cheung,	   1969;	   Flores	   and	   Negreiros-­‐Fransozo,	   1999),	   the	  
change	   from	  a	  spawning	   to	  a	   resting	   form	  after	  breeding	  may	  be	  a	  means	  of	  energy	  
partitioning	  between	  growth	  and	  reproduction.	  
The	  observed	  fecundity	  values	  and	  egg	  volume	  in	  this	  P.longirostris	  population	  were	  
very	   similar	   to	   those	   reported	   for	   the	   species	   by	   other	   authors	   (De	   Man,	   1915;	  
Zariquiey	  Alvarez,	  1968;	  Sorbe,	  1983;	  Van	  Den	  Brink	  and	  Van	  Der	  Velde,	  1986).	  Within	  
the	  palaemonids,	   the	  number	  and	   size	  of	   eggs	   vary	   considerably	   (e.g.	   Truesdale	  and	  
Mermillod,	   1979;	   Corey	   and	   Reid,	   1991).	   Since	   these	   prawns	   are	   widespread	   from	  
freshwater	   to	   marine	   environments,	   different	   reproductive	   strategies	   are	   expected,	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including	   a	   trade-­‐off	   between	   fecundity	   and	   egg	   size	   (Sastry,	   1983;	   Vernberg	   and	  
Vernberg,	   1983).	   	   As	   expected	   for	   species	   undertaking	   catadromic	   migrations,	  
P.longirostris	   females	   bear	   more	   small-­‐sized	   eggs	   than	   females	   of	   exclusively	  
freshwater	  species.	  Small	  egg	  (presumably	  ELD	  -­‐	  extended	  larval	  development)	  species	  
had	  generally	  broader	  geographic	  ranges	  and	  greater	  genetic	  homogeneity	  than	  large-­‐
egg	   (ALD	   -­‐	   abbreviated	   larval	   development)	   species.	   Medium-­‐sized	   egg	   species	   are	  
intermediate	  in	  these	  characteristics	  (Bauer,	  2013).	  Egg	  number	  increase	  from	  high	  to	  
low	  latitudes	  (Lardies	  and	  Castilla,	  2001).	  The	  mean	  fecundity	  is	  higher	  in	  Mira	  than	  in	  
Gironde	   (Sorbe,	   1983;	   Béguer,	   2009;	   Béguer	   et	   al.,	   2010a)	   and	   the	   number	   of	   eggs	  
produced	  by	  similar	  size	  females,	  deduced	  by	  size-­‐specific	  fecundity	  equations,	  is	  lower	  
in	  the	  Netherlands	  than	  in	  the	  Gironde	  and	  Mira	  estuaries	  (Van	  den	  Brink	  and	  Van	  der	  
Velde,	  1986;	  Cartaxana,	  2003;	  Béguer	  et	  al.,	  2010a).	  
The	   egg	   loss	   between	   early	   and	   late	   stages	   of	   P.longirostris	   populations	   of	   Mira	  
River	   (this	   study)	  and	  Gironde	   (Béguer,	  2009)	   is	  very	   low,	  especially	  when	  compared	  
with	   other	   palaemonids	   (Reeve,	   1969;	   Pandian,	   1982;	   Balasundaran	   and	   Corey	   and	  
Reid,	  1991;	  Anger	  and	  Moreira,	  1998).	  Further,	  the	  brood	  mortality	  is	  independent	  of	  
female	  size,	  a	  pattern	  observed	  in	  many	  crustaceans	  (Rajyalakshmi,	  1961;	  Kuris,	  1991;	  
Oh	  and	  Hartnoll,	  1999;	  Li	  et	  al.,	  2011).	  To	  Kuris	  (1991)	  the	  relationship	  between	  brood	  
mortality	  and	  maternal	  size	  is	  highly	  variable	  and	  no	  pattern	  is	  observed	  in	  relation	  to	  
taxon,	   habitat,	   climatic	   zone,	   or	   other.	   According	   to	   the	   author,	   brood	   mortality	  
variation	   is	   expected	   to	   be	  most	   often	   associated	  with	   female	   size	  when	  mean	   egg	  
mortality	   is	   high	   since	   selection	   pressure	   should	   increase	   with	   increasing	   mortality	  
rates.	  
Sexual	  dimorphism	  in	  size	  is	  very	  pronounced	  in	  P.longirostris,	  with	  females	  growing	  
to	  larger	  sizes	  than	  males	  (this	  study;	  Béguer,	  2009;	  Béguer	  et	  al.,	  2011a),	  as	  observed	  
for	   several	   palaemonidae	   species:	  Palaemon	  elegans	   (Forster,	   1951;	   Berglund,	   1983;	  
Sanz,	   1987),	  P.	   adspersus	   (Jensen,	   1958;	   Berglund,	   1983;	   Figueras,	   1984;	   Klaoudatos	  
and	   Tsevis,	   1987),	   P.serratus	   (Figueras,	   1984;	   Guerao	   and	   Ribera,	   2000),	  
P.macrodactylus	  (Omori	  and	  Chida,	  1988),	  P.xiphias	  (Guerao	  et	  al.,	  1994),	  P.northropi,	  
P.pandaliformis	   (Anger	   and	  Moreira,	   1998),	   Palaemonetes	   argentinus	   (Spivak,	   1997)	  
and	  Macobrachium	  ohione	   (Truesdale	  and	  Mermilliod,	  1979).	  This	  sexual	  dimorphism	  
may	  be	  related	  to	  the	  fact	  that	  females	  may	  benefit	  from	  a	  larger	  size	  by	  carrying	  more	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eggs	  (Berglund,	  1983).	  The	  opposite	  was	  observed	  in	  several	  Macrobrachium	  species:	  
M.acantharus,	   M.olfersii	   (Anger	   and	   Moreira,	   1998).	   According	   to	   Guest	   (1979),	  
M.ohione	  is	  an	  exception	  in	  the	  sexual	  dimorphism	  pattern	  within	  its	  genus	  and	  is	  the	  
only	  Macrobrachium	  species	  here	  referred	  that	  is	  not	  exclusive	  to	  freshwater.	  	  
Although	  P.longirostris	   females	  attain	   larger	   sizes,	   their	   growth	   rate	   is	   lower	   than	  
that	   of	   males.	   This	   may	   be	   explained	   by	   the	   fact	   that	   the	   growth	   curves	   were	  
determined	  only	  for	  the	  period	  when	  the	  population	  was	  in	  estuarine	  waters	  and	  when	  
a	  significant	  fraction	  of	  the	  analysed	  females	  were	  ovigerous.	  A	  slower	  growth	  of	  the	  
reproductive	  females	  of	  Palaemon	  xiphias	  during	  the	  breeding	  season	  was	  observed	  by	  
Guerao	  et	  al.	  (1994),	  although	  their	  growth	  equations	  showed	  a	  higher	  growth	  rate	  in	  
females	  than	  in	  males.	  Other	  palaemonid	  species	  present	  higher	  growth	  rates	  in	  males	  
than	  in	  females,	  like	  P.adspersus	  and	  P.serratus	  (Figueras,	  1986),	  and	  Macrobrachium	  
potiuna	   (Souza	   and	   Fountoura,	   1995).	   The	   investment	   of	   energy	   in	   reproduction	  
inhibits	   growth	   by	   reducing	   molt	   increment	   and	   extending	   the	   intermolt	   period	  
(Hartnoll,	   1985).	   According	   to	   Wickins	   and	   Beard	   (1974)	   it	   is	   expected	   that	   female	  
growth	   will	   be	   reduced	   during	   the	   reproduction	   period,	   since	   a	   proportion	   of	   the	  
available	  energy	  is	  used	  for	  the	  development	  of	  oocyts.	  In	  accordance	  to	  Béguer	  et	  al.	  
(2011a),	   there	   are	   seasonal	   growth	   differences	   in	   the	   P.longirostris	   Gironde	  
population,	   with	   the	   periods	   of	   low	   growth	   corresponding	   to	   the	   preparation	   for	  
reproduction.	  
When	   comparing	   the	   growth	   performance	   index	   (ɸ),	   recommended	   for	  
comparisons	  over	  the	  intrinsic	  growth	  rates	  (K),	  Pauly	  and	  Munro	  (1984)	  and	  Béguer	  et	  
al.	   (2011a)	   found	   higher	   values	   for	   the	   Gironde	   than	   those	   registered	   for	   the	  Mira	  
population.	   According	   to	   the	   authors	   the	   results	   may	   be	   explained	   by	   temperature	  
differences	   between	   both	   European	   rivers,	   since	   shrimps	   living	   in	   higher	   latitudes	  
compensate	   for	   their	   shorter	   favourable	   growth	   period	   by	   accelerating	   their	   growth	  
during	  the	  shorter	  periods	  when	  temperatures	  are	  higher.	  
The	  longevity	  of	  the	  species	   is	  around	  15	  months.	  As	  this	   is	  a	  migratory	  species,	   it	  
was	   not	   possible	   to	   confirm	  whether	   larger	   specimens	   died	   or	  migrate	   upstream	   to	  
freshwater	   environments.	   However,	   no	   larger	   specimens	   were	   observed	   at	   river	  
stations	  suggesting	  that	  they	  die	  after	  reproduction,	  in	  their	  second	  year	  of	  life.	  Sorbe	  
(1983)	   for	   Gironde,	   France	   and	   Van	   Den	   Brink	   and	   Van	   der	   Velde	   (1986)	   for	   the	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Netherlands,	  determined	  a	  maximum	  age	  of	  two	  years	  for	  P.longirostris.	  Béguer	  (2009)	  
pointed	   to	   longevity	   of	   17	   months	   in	   the	   Gironde	   population.	   The	   longevity	   of	  
P.longirostris	   is	  similar	  to	  that	  of	  other	  Palaemon	  species,	  P.elegans	   (Sanz,	  1987)	  and	  
P.xiphias	  (Guerao	  et	  al.,	  1994).	  
Palaemon	   longirostris	  has	   not	   been	   evaluated	   according	   to	   the	   IUCN	   criteria	   and	  
ranking	  system	  for	  conservation	  status	  listing.	  Therefore	  it	  is	  not	  included	  in	  the	  IUCN	  
red	  list	  of	  threatened	  species.	  However,	  it	  is	  a	  species	  that	  is	  extensively	  explored	  and	  
has	   a	   high	   commercial	   value	   due	   to	   its	   gastronomic	   importance.	   In	   Portugal,	  
commercial	   fishing	   takes	   place	   during	   the	   reproductive	   period	  when	   the	   population	  
moves	  downstream.	  Overfishing	  of	  these	  downstream	  migrants	  compromises	  the	  long-­‐
term	  survival	  of	  populations.	  
Other	   threats	   like	   pollution	   and	   habitat	   destruction	   affect	   both	   migratory	   and	  
freshwater	   resident	   species	   to	   a	   similar	   extent.	   For	   catadromous	   species,	   the	   severe	  
reduction	   in	   the	   available	   habitat	   caused	   by	   the	   construction	   of	   insurmountable	  
obstacles	  is	  one	  of	  the	  most	  drastic	  and	  widespread	  threats,	  as	  it	  blocks	  the	  access	  to	  
suitable	  spawning	  grounds	  during	  the	  reproductive	  migration.	  The	  migrations	  carried	  
out	   by	   species	   like	   P.longirostris	   are	   ecologically	   important	   because	   migrating	  
organisms	   are	   temporally	   variable	   components	   of	   different	   ecosystems,	   affecting	  
habitat,	   productivity,	   and	   trophic	   relationships	   at	   different	   times	   of	   the	   year.	  
Migrations	  promote	  export	  and	  import	  of	  productivity	  between	  freshwater	  and	  marine	  
habitats.	   The	   presence	   or	   absence	   of	   migration	   among	   populations	   of	   species	   with	  
wide	   geographic	   ranges	   has	   an	   important	   impact	   on	   dispersal	   and	   the	   population	  
genetics	   of	   a	   species	   (Bauer,	   2013).	   Human	   activities	   greatly	   impact	  migrations,	   e.g.	  
blockage	  of	  migratory	   routes	  of	  diadromous	   invertebrates	  and	   fishes	  by	  damming	  of	  
rivers	  and	  streams	  (Dingle,	  1996;	  Holmquist	  et	  al.,	  1998;	  March	  et	  al.,	  2003;	  Merz	  and	  
Moyle,	  2006).	  The	  construction	  of	  dams	  and	  other	  human	  impacts	  on	  rivers	  interrupts	  
the	   downstream	   delivery	   of	   larvae	   to	   more	   saline	   waters,	   as	   well	   as	   the	   upstream	  
migrations	   of	   juveniles	   returning	   from	   the	   sea	   or	   estuaries.	   Such	   impacts	   severely	  
damage	   species	  diversity	   and	  ecological	   function	   in	   the	  affected	  areas	   (Holmquist	  et	  
al.,	  1998;	  March	  et	  al.,	  2003;	  Bauer,	  20011b,	  2013;	  Synder	  et	  al.,	  2011).	  
Exoskeletal	  deformities	  of	  P.longirostris	  can	  be	  observed	  since	  1992	  in	  the	  Gironde	  
estuary	   (Béguer	  et	  al.,	   2008;Béguer,	   2009)	   and	  affects	   about	  58%	  of	   the	  population.	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These	   deformities	   persist	   through	   the	   all	   life	   cycle	   of	   the	   shrimps	   that	   show	   higher	  
mortality,	   lighter	   egg	  mass	   and	   lower	   body	   condition	  when	   compared	  with	   shrimps	  
with	   no	   deformities	   and	   may	   be	   a	   factor	   that	   compromises	   the	   future	   of	   the	  
populations	  of	  this	  species	  in	  European	  rivers.	  	  
Other	  factor	  of	  stress	   is	  the	  presence	  of	  exotic	  species.	  The	  effects	  of	  a	  successful	  
establishment	  of	  exotic	  species	  in	  a	  new	  habitat	  may	  be	  very	  different,	  ranging	  from	  an	  
apparent	  non-­‐competitive	  coexistence	   (Carlton,	  1979)	   to	   the	  extinction	  of	   the	  native	  
species	   (Clavero	   and	   Garcia-­‐Berthou,	   2005).	   Nevertheless,	   these	   are	   rare	   situations.	  	  
Invasions	  by	  exotic	  species	  are	  known	  to	  be	  stressful	  and	  reason	  for	  significant	  changes	  
in	   the	  native	  population	  behaviours	   and	  habitats.	   	   For	   instance,	   the	  oriental	   shrimp,	  
Palaemon	   macrodactylus,	   is	   an	   invasive	   species	   that	   has	   been	   recorded	   in	   several	  
European	  estuaries	  in	  Portugal,	  Spain,	  France,	  Germany	  and	  UK	  (Ashelby	  et	  al.,	  2004;	  
Cuesta	  et	  al.,	  2004;	  D’Acoz	  et	  al.,	  2005;	  Béguer	  et	  al.,	  2007,	  2011b;	  Gonzalez-­‐Ortegon	  
et	  al.,	  2007;	  Worsfold	  et	  al.,	  2008;	  Chicharo	  et	  al.,	  2009;	  Lavesque	  et	  al.,	  2010).	  This	  is	  
an	  invasive	  species	  from	  the	  northwest	  Pacific	  Ocean	  that,	  after	  its	  first	  record	  in	  the	  
California	   (Bay	   of	   San	   Francisco)	   in	   1957	   (Newman,	   1963),	   has	   undergone	   a	  
colonization	   period	   through	   several	   estuaries	   throughout	   the	   world	   (Cuesta	   et	   al.,	  
2004;	  d’Acoz	  et	  al.,	  2005;	  Spivak	  et	  al.,	  2006;	  Béguer	  et	  al.,	  2007;	  González-­‐Ortegón	  et	  
al.,	  2007;	  Worsfold	   and	  Ashelby,	   2007).	   In	   Portuguese	  estuaries	   the	  presence	  of	   the	  
oriental	   shrimp	   was	   first	   recorded	   at	   the	   Guadiana	   estuary	   (Chicharo	   et	   al.,	   2009).	  
P.macrodactylus	  is	  very	  similar	  to	  the	  European	  resident	  species,	  P.longirostris	  (Béguer	  
et	  al.,	  2007),	  showing	  several	  morphological	  and	  behavioural	  similarities.	  According	  to	  
the	  author	  they	  both	  complete	  their	  life	  cycles	  in	  the	  estuary	  (as	  referred	  before	  this	  is	  
not	  the	  case	  of	  the	  Mira	  population),	  have	  similar	  osmoregulatory	  patterns	  and	  have	  
similar	  diets	  consisting	  mainly	  of	  mysids	  and	  copepods	  (Béguer	  et	  al.,	  2007;	  González-­‐
Ortegón	   et	   al.,	   2007,	   2010).	   According	   to	   Béguer	   (2009)	   and	   Béguer	   et	   al.	   (2007,	  
2011b),	   there	   is	   a	   real	   risk	   of	   P.longirostris	   being	   competitively	   excluded	   by	  
P.macrodactylus	   in	   the	   Gironde	   estuary,	   which	   could	   result	   in	   disturbance	   of	   the	  
estuarine	  ecosystem	  functioning.	  
In	  the	  Gironde,	  where	  large-­‐scale	  data	  on	  this	  species	  is	  available,	  there	  is	  a	  decline	  
in	   the	   P.longirostris	   species	   abundances	   and	   the	   future	   of	   the	   population	   is	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compromised	   by	   several	   factors,	   some	   of	   them	   referred	   above,	   but	   global	   warming	  
and	  human	  pressure	  are	  also	  referred	  by	  e.g.	  Béguer	  (2009).	  	  
Management	   and	   conservation	   measures	   to	   protect	   the	   white	   prawn,	   Palaemon	  
longirostris,	   in	  estuaries	  and	  rivers	  within	   its	  distribution	  range	  are	  required,	  and	  the	  
first	   efforts	   to	   be	   made	   should	   focus	   on	   habitat	   preservation	   and	   rehabilitation	  
through,	  for	  instance,	  the	  reestablishment	  of	  the	  longitudinal	  continuity	  of	  migrations.	  
This	   dissertation	   provides	   a	   better	   understanding	   of	   the	  morphological	   variation,	  
life	   cycle	   patterns	   of	   migration,	   growth	   and	   reproduction	   P.longirostris,	   but	   it	   also	  
raised	  a	  number	  of	  questions	  for	  future	  research.	  
To	   gain	   additional	   insight	   into	   the	   subject	   of	   the	  molecular	   differentiation	   among	  
P.longirostris	   populations	   and	   as	   different	   loci	   show	   different	   geographic	  
differentiation	   (Slatkin,	   1985),	   other	  mtDNA	   or	  microsatellites	  markers,	   which	   show	  
higher	  mutation	  rates	  (Balloux	  and	  Lugon-­‐Moulin,	  2002),	  should	  also	  be	  used.	  
The	  transition	  from	  marine	  to	  freshwater	  habitats	   is	  one	  of	  the	  major	  steps	   in	  the	  
evolution	   of	   life	   (Vogt,	   2013).	   The	   colonisation	   of	   the	   freshwater	   environments	   by	  
marine	  palaemonids	  has	  not	  been	  dated,	  but	  is	  hypothesised	  to	  have	  occurred	  recently	  
(Sollaud,	   1923;	   Jalihal	   et	   al.,	   1993).	   The	   larval	   retention	   strategy	   of	   P.longirostris	   is	  
viewed	   as	   a	   step	   into	   the	   adaptive	   occupation	   of	   limnetic	   environments	   by	   marine	  
organisms	   (Bilton	   et	   al.,	   2002).	   Furthermore,	   this	   species	   has	   not	   become	  
reproductively	   independent	   of	   the	   brackish	   environment	   (Cartaxana,	   1994),	   females	  
bear	   a	   relatively	   greater	   number	   of	   small-­‐sized	   eggs	   than	   do	   most	   crustaceans	  
reproducing	   in	   freshwater	   (Cartaxana,	   2003)	   and	   the	   larvae	   do	   not	   survive	   in	  
freshwater	   (Antonopoulou	   and	   Emson,	   1989;	   Paula,	   1993),	   which	   might	   indicate	   a	  
recent	  marine	  past.	  	  
The	  colonization	  of	  freshwater	  by	  marine	  decapod	  crustaceans	  is	  presumably	  done	  
through	   estuaries	   (Hedgpeth,	   1957)	   and	   is	   often	   accompanied	   by	   a	   reduction	   in	   the	  
number	   of	   larval	   stages	   and	   duration	   of	   the	   planktonic	   period	   (Carriker,	   1967).	   One	  
step	   in	   the	   gradual	   colonization	   of	   freshwater	   by	   decapods	   may	   be	   to	   increase	  
recruitment	   by	   larval	   retention	   in	   estuaries	   (Sandifer,	   1975).	   Although	   P.longirostris	  
presents	   an	   estuarine	   larval	   retention	   strategy	   (Paula,	   1998),	   which	   presumes	   a	  
reduced	  exchange	  between	  estuaries,	  the	  chances	  of	  larvae	  to	  reach	  other	  estuaries	  by	  
extreme	   flooding	   events	   remains	   unclear	   (Bilton	   et	   al.,	   2002).	   Moreover,	   larvae	   of	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P.longirostris	   have	   a	   salinity	   tolerance	   range	   of	   approximately	   15	   ppt	   to	   35	   ppt	  
(Antonopoulou	  and	  Emson,	  1989;	  Paula,	  1993),	  suggesting	  that	  marine	  dispersal	  may	  
potentially	   play	   or	   have	   played	   a	   role	   in	   the	   life-­‐history	   of	   this	   species.	   Additional	  
information	   on	   this	   subject	  may	   be	   particularly	   useful	   to	   further	   clarify	   this	   subject	  
with	  implications	  on	  the	  implementation	  of	  management	  and	  conservation	  strategies.	  	  
Although	  no	  deformities	  were	   registered	   in	  portuguese	  P.longirostris	   populations,	  
this	   is	   a	  major	   phenomenon	   that	  might	  have	  enormous	  effects	   on	   shrimps	   and	  may	  
have	  a	  great	  impact	  on	  the	  reproduction	  and	  survival	  of	  P.longirostris.	  As	  the	  reasons	  
for	  this	  phenomenon	  are	  not	  yet	  known,	  to	  study	  its	  possible	  evolution	  in	  Portuguese	  
estuaries	  and	  look	  for	  its	  probable	  causes	  on	  different	  P.longirostris	  populations	  would	  
be	  of	  great	  interest	  to	  evaluate	  the	  possibility	  of	  reducing	  or	  eliminating	  it.	  
Environmental	  factors	  that	  vary	  with	  latitude	  such	  as	  temperature	  and	  photoperiod	  
have	   direct	   influence	   on	   the	   life	   history	   of	   marine	   crustaceans	   (Jones	   and	   Simons,	  
1983).	   Latitudinal	   changes	   in	   the	   structure	   of	   marine	   communities	   are	   a	   result	   of	  
evolutionary	   changes	   caused	   by	   e.g.	   hydrographic	   (temperature,	   salinity	   and	   oxygen	  
concentration)	  and	  hydrodynamic	  variations,	  primary	  production,	  geological	  processes	  
as	  well	  as	  an	  array	  of	  other	  biotic	  and	  abiotic	   factors	   (Castillo	  et	  al.,	  2007).	  The	  wide	  
distribution	  of	  Palaemon	   longirostris	   in	   the	  Northern	  Atlantic	   coastal	   estuaries	  make	  
this	   a	   good	   species	   to	   make	   comparison	   between	   several	   European	   estuaries	   and	  
rivers	  populations,	  along	  its	  latitudinal	  distribution	  range.	  The	  understanding	  of	  its	  life	  
cycle	  patterns	  at	  a	  large-­‐scale	  is	  important	  because	  it	  could	  help	  to	  pinpoint	  potential	  
links	   between	   the	   species	   biological	   parameters	   and	   environmental	   variables.	   The	  
most	   direct	   way	   to	   investigate	   the	   effect	   of	   climatic	   change,	   especially	   global	   sea	  
warming,	  might	   have	   on	   reproduction	   and	   recruitment	   in	   coastal	   faunas	   is	   to	   study	  
latitudinal	  variation	  in	  this	  processes	   in	  species	  that	  are	  as	  closely	  related	  as	  possible	  
(Bauer,	  1992),	  or	   in	  populations	  of	  species	  with	  a	  wide	  distribution,	   in	  a	  manner	  that	  
the	  differences	  may	  not	  be	  attributable	  to	  taxon-­‐specific	  capabilities	  and	  constraints.	  
	  
References	  
Anger,	   K.,	   Moreira,	   G.S.	   1998.	   Morphometric	   and	   reproductive	   traits	   of	   caridean	  
shrimps.	  Journal	  of	  Crustacean	  Biology,	  18:	  823-­‐838.	  
General	  Discussion	  
	   135	  
Antonopoulou,	  E.,	  Emson,	  R.,	  1989.	  The	  combined	  effects	  of	  temperature	  and	  salinity	  
on	   survival,	  moulting	   and	  metamorphosis	   of	   the	   larval	   stages	   of	   three	   species	   of	  
palaemonid	   prawns.	   In:	   Reproduction,	   Genetics	   and	   Distribution	   of	   Marine	  
Organisms,	  23rd	  European	  Marine	  Biology	  Symposium.	  Ryland,	  J.S.,	  Tyler,	  P.A.	  (eds.),	  
Fredensborg,	  Denmark:	  Olsen	  &	  Olsen,	  pp.	  339-­‐347.	  
Ashelby,	   C.W.,	  Worsfold,	   T.M.,	   Fransen,	   C.H.J.M.,	   2004.	   First	   records	   of	   the	   oriental	  
prawn	  Palaemon	  macrodactylus	   (Decapoda:	  Caridea),	  an	  alien	  species	   in	  European	  
waters,	  with	  a	  revised	  key	  to	  British	  Palaemonidae.	  Journal	  of	  the	  Marine	  Biological	  
Association	  of	  the	  United	  Kingdom,	  84:	  1041-­‐1050.	  
Balasundaran,	   C.,	   Pandian,	   T.J.,	   1982.	   Egg	   loss	   during	   incubation	   in	  Macrobrachium	  
nobili	  (Henderson	  &	  Mathias).	  Journal	  of	  Experimental	  Marine	  Biology	  and	  Ecology,	  
59:	  289-­‐299.	  	  
Balloux,	   F.,	   Lugon-­‐Moulin,N.,	   2002.	  The	  estimation	  of	  population	  differentiation	  with	  
microsatellite	  markers.	  Molecular	  Ecology,	  11:	  155–165.	  
Bauer,	   R.T.,	   1992.	   Testing	   generalizations	   about	   latitudinal	   variation	   in	   reproduction	  
and	  recruitment	  patterns	  with	  sicyoniid	  and	  caridean	  shrimp	  species.	   Invertebrate	  
Reproduction	  and	  Development,	  22:	  193-­‐202.	  
Bauer,	   R.T.,	   2011a.	   Amphidromy	   and	   migrations	   of	   freshwater	   shrimps.	   I.	   Costs,	  
benefits,	   evolutionary	   origins,	   and	   an	   unusual	   case	   of	   amphidromy.	  	   In:	   New	  
Frontiers	   in	   Crustacean	   Biology.	   Proceedings	   of	   the	   TCS	   Summer	  Meeting,	   Tokyo,	  
20-­‐24	   September	   2009.	   Asakura,	   A.	   (ed.),	   Brill:	   Leiden,	   The	  Netherlands,	   pp.	   145-­‐
156.	  	  	  
Bauer,	  R.T.,	  2011b.	  	  Amphidromy	  and	  migrations	  of	  freshwater	  shrimps.	  II.	  Delivery	  of	  
hatching	  larvae	  to	  the	  sea,	  return	  juvenile	  upstream	  migration,	  and	  human	  impacts.	  
In:	  New	  Frontiers	   in	  Crustacean	  Biology.	  Proceedings	  of	  the	  TCS	  Summer	  Meeting,	  
Tokyo,	  20-­‐24	  September	  2009.	  Asakura,	  A.	  (ed.),	  Brill:	  Leiden,	  The	  Netherlands,	  pp.	  
157-­‐168.	  	  
Bauer,	   R.T.,	   2013.	   Amphidromy	   in	   shrimps:	   a	   life	   history	   pattern	   between	   rivers	   the	  
sea.	  Latin	  American	  Journal	  of	  Aquatic	  Research,	  41:	  633-­‐650.	  
Béguer,	  M.,	  Girardin,	  M.,	   Boët,	   P.,	   2007.	   First	   record	   of	   the	   invasive	   oriental	   shrimp	  
Palaemon	   macrodactylus	   Rathbun,	   1902	   in	   France	   (Gironde	   Estuary).	   Aquatic	  
Invasions,	  2:	  132-­‐136	  
Béguer,	  M.,	   Pasquaud,	   S.,	   Boët,	   P.,	   Noël,	   P.,	   Girardin,	  M.,	   2008.	   First	   description	   of	  
main	  skeletal	  deformations	  in	  shrimps	  populations	  of	  the	  Gironde	  estuary	  (France).	  
Hydrobiologia,	  607:	  225–229.	  
Béguer,	   M.,	   2009.	   Réponse	   d’une	   population	   aux	   forçages	   environnementaux	   et	  
anthropiques:	  le	  suivi	  à	  long	  terme	  de	  la	  crevette	  Palaemon	  longirostris	  de	  l’estuaire	  
de	   la	  Gironde	   (1979-­‐2007).	   PhD	   thesis;	   Universite	   de	   Bordeaux	   I,	   Ecole	  Doctorale	  
Science	  et	  Environnement,	  249	  pp.	  	  
Chapter	  6	  
	  136	  
Béguer,	  M.,	  Bergé,	  J.,	  Girardin,	  M.,	  Boët,	  P.,	  2010a.	  Reproductive	  biology	  of	  Palaemon	  
longirostris	   (Palaemonidae)	   from	  the	  Gironde	  estuary	   (France),	  with	  a	  comparison	  
with	  other	  European	  populations.	  	  Journal	  of	  Crustacean	  Biology,	  30:	  175-­‐185.	  	  
Béguer,	   M.,	   Feuillassier,	   L.,	   Elie,	   P.,	   Boët,	   P.,	   Girardin,	  M.,	   2010b.	  Exoskeletal	  
deformities	   in	  Palaemonidae:	  Are	   they	  a	   threat	   to	   survival?	  Marine	  Environmental	  
Research,	  69:	  109-­‐117.	  
Béguer,	  M.,	  Rochette,	  S.,	  Girardin,	  M.,	  Boët,	  P.,	  2011a.	  Growth	  modeling	  and	  spatio-­‐
temporal	   variability	   in	   the	   body	   condition	   of	   the	   estuarine	   shrimp	   Palaemon	  
longirostris	  in	  the	  Gironde	  (SW	  France).	  Journal	  of	  Crustacean	  Biology,	  31:	  606-­‐612.	  	  
Béguer,	  M.,	  Bergé,	  J.,	  Martin,	  J.,	  Martinet,	  J.,	  Pauillac,	  G.,	  Girardin,	  M.,	  Boët,	  P.,	  2011b.	  
Presence	   of	  Palaemon	   macrodactylus	  in	   a	   European	   estuary:	   evidence	   for	   a	  
successful	  invasion	  of	  the	  Gironde	  (SW	  France).	  Aquatic	  Invasions,	  6:	  401-­‐418.	  
Berglund,	   A.,	   1983.	   Population	   biology	   of	   two	   Palaemon	   prawn	   species	   in	   Western	  
Europe.	  Acta	  Univwsitatis	  Upsaliensis,	  Abstracts	  of	  Uppsala	  Dissertations	   from	  the	  
Faculty	  of	  Science	  670:	  1-­‐24.	  
Bilton,	   D.T.,	   Paula,	   J.,	   Bishop,	   J.D.D.,	   2002.	   Dispersal,	   genetic	   differentiation	   and	  
speciation	  in	  estuarine	  organisms.	  Estuarine,	  Coastal	  and	  Shelf	  Science,	  55:	  937-­‐952.	  
Brian,	  J.,	  Fernandes,	  T.,	  Ladle,	  R.,	  Todd,	  P.,	  2006.	  Patterns	  of	  morphological	  and	  genetic	  
variability	   in	   UK	   populations	   of	   the	   shore	   crab,	   Carcinus	   maenas	   Linnaeus,	   1758	  
(Crustacea:	   Decapoda:	   Brachyura).	   Journal	   of	   Experimental	   Marine	  
Biology	  and	  Ecology,	  329:	  47-­‐54.	  
Campbell,	   P.J.,	   Jones,	   M.B.,	   1989a.	   Adaptations	   of	   the	   prawn	   Palaemon	   longirostris	  
(Crustacea,	  Decapoda)	  to	  life	  in	  dilute	  saline	  regions	  of	  estuaries:	  Effect	  of	  body	  size,	  
temperature,	  and	  season	  on	  salinity	  tolerance.	  Scientia	  Marina,	  53:	  685-­‐689.	  
Campbell,	  P.J.,	  Jones,	  M.B.,	  1989b.	  Osmoregulation	  of	  the	  estuarine	  prawn	  Palaemon	  
longirostris	  (Caridea:	  Palaemonidae).	  Journal	  of	  the	  Marine	  Biological	  Association	  of	  
the	  United	  Kingdom,	  69:	  261-­‐272.	  
Campbell,	  P.J.,	   Jones,	  M.B.,	  1989c.	   Ionic	   regulation	  of	   the	  estuarine	  prawn	  Palaemon	  
longirostris	  (Caridea:	  Palaemonidae).	  Ophelia,	  30:	  141-­‐154.	  
Carriker,	   M.R.,	   1967.	   Ecology	   of	   estuarine	   benthic	   invertebrates:	   a	   perspective.	  
In:	  Estuaries.	  Lauff,	  G.H.	  (ed.).	  Washington,	  D.	  C,	  Am.	  Ass.	  Advance	  Sci.,	  pp.	  442-­‐487.	  
Cartaxana,	  A.,	  1994.	  Distribution	  and	  migration	  of	  the	  prawn	  Palaemon	  longirostris	   in	  
the	  Mira	  River	  estuary	  (southwest	  Portugal).	  Estuaries,	  17:	  685-­‐694.	  
Cartaxana,	   A.,	   2003.	   Fecundity	   and	   size	   at	   maturity	   of	   Palaemon	   longirostris	  
(Decapoda,	   Palaemonidae)	   in	   the	   Mira	   estuary	   (SW	   Portugal).	   Invertebrate	  
Reproduction	  and	  Development,	  43:	  133-­‐139.	  
Castilho,	   A.L.,	   Gavio,	   M.A.,	   Costa,	   R.C.,	   Boschi,	   E.E.,	   Bauer,	   R.T.,	   Fransozo,	   A.	   2007.	  
Latitudinal	   variation	   in	   population	   structure	   and	   reproductive	   pattern	   of	   the	  
General	  Discussion	  
	   137	  
endemic	   south	   american	   shrimp	   Artemesia	   longinaris	   (Deacpoda:	   Penaeoidea).	  
Journal	  of	  Crustacean	  Biology,	  27:	  548–552.	  
Cheung,	   T.S.,	   1969.	   The	   environmental	   and	   hormonal	   control	   of	   the	   reproduction	   in	  
the	   adult	   female	   stone	   crabs,	  Menippe	  mercenaria	   (Say).	  Biological	   Bulletin,	   136:	  
327-­‐346.	  
Chicharo,	  M.A.,	  Leitão,	  T.,	  Range,	  P.,	  Gutierrez,	  C.,	  Morales,	  J.,	  Morais,	  P.,	  Chicharo,	  L.,	  
2009.	   Alien	   species	   in	   the	   Guadiana	  estuary	   (SE-­‐Portugal/SW-­‐Spain):	   	  Blackfordia	  
virginica	  (Cnidaria,	  Hydrozoa)	  and	  	  Palaemon	  macrodactylus	  (Crustacea,	  Decapoda):	  
potential	  impacts	  and	  mitigation	  measures.	  Aquatic	  Invasions,	  4:	  501-­‐506.	  
Clark,	   P.F.,	   Neale,	   M.,	   Rainbow,	   P.S.,	   2001.	   A	   morphometric	   analysis	   of	   regional	  
variation	  in	  Carcinus	  Leach,	  1814	  (Brachyura:	  Portunidae:	  Carcininae)	  with	  particular	  
reference	   to	   the	   status	   of	   the	   two	   species	   C.maenas	   (Linnaeus,	   1758)	   and	  
C.aestuarii	  Nardo,	  1847.	  Journal	  of	  Crustacean	  Biology,	  21:	  288-­‐303.	  
Clavero,	  M.,	  García-­‐Berthou,	   E.,	   2005.	  Invasive	   species	   are	   a	   leading	   cause	   of	   animal	  
extinctions.	  Trends	  in	  Ecology	  and	  Evolution,	  20:	  110.	  
Cook,	  B.D.,	  Baker,	  A.W.,	  Page,	  T.J.,	  Grant,	  S.C.,	  Fawcett,	   J.H.,	  Hurwood,	  D.A.,	  Hughes,	  
J.M.,	   2006.	   Biogeographic	   history	   of	   an	   Australian	   freshwater	   shrimp,	   Paratya	  
australiensis	   (Atyidae):	   the	   role	   life	   history	   transition	   in	   phylogeographic	  
diversification.	  Molecular	  Ecology,	  15:	  1083-­‐1093.	  
Corey,	   S.,	   Reid,	   D.M.,	   1991.	   Comparative	   	   fecundity	   of	   decapod	   crustaceans.	   I.	   The	  
fecundity	  of	   thirty-­‐three	   species	  of	  nine	   families	  of	   caridean	   shrimp.	  Crustaceana,	  
60:	  270-­‐294.	  
Cuesta,	   J.A.,	   Schubart,	   C.D.,	   1998.	   Morphological	   and	   molecular	   differentiation	  
between	  three	  allopatric	  populations	  of	   the	   littoral	  crab	  Pachygrapsus	  transversus	  
(Gibbes,	  1850)	  (Brachyura:	  Grapsidae).	  Journal	  of	  Natural	  History,	  32:	  1499-­‐1508.	  
Cuesta,	   J.A.,	   González-­‐Ortegón,	   E.,	   Drake,	   P.,	   Rodriguez,	   A.,	   2004.	   First	   record	   of	  
Palaemon	  macrodactylus	   Rathbun,	   1902	   (Decapoda,	   Caridea,	   Palaemonidae)	   from	  
European	  waters.	  Crustaceana,	  77:	  377–380.	  
D’Acoz,	   C.U.,	   Faasse,	  M.,	   Dumoulin,	   E.,	   Blauwe,	  H.D.,	   2005.	  Occurrence	   of	   the	  Asian	  
shrimp,	  Palaemon	  macrodactylus	  Rathbun,	  1902,	  in	  the	  Southern	  Bight	  of	  the	  North	  
Sea,	  with	  a	  key	  to	  the	  Palaemonidae	  of	  North-­‐West	  Europe	  (Crustacea,	  Decapoda,	  
Caridea).	  Nederlandse	  Faunistische	  Mededelingen,	  22:	  95-­‐111.	  
Daniels,	  S.R.,	  Gouws,	  G.,	  Stewart,	  B.A.,	  Coke,	  M.,	  2003.	  Molecular	  and	  morphometric	  
data	   demonstrate	   the	   presence	   of	   cryptic	   lineages	   among	   freshwater	   crabs	  
(Decapoda:	   Potamonautidae:	   Potamonautes)	   from	   the	   Drakensberg	   Mountains,	  
South	  Africa.	  Biological	  Journal	  of	  the	  Linnean	  Society,	  78:	  129-­‐147.	  
De	  Grave,	  S.,	  Diaz,	  D.,	  2001.	  Morphometric	   comparison	  between	  Mediterranean	  and	  
Atlantic	   populations	   of	   Pontophilus	   norvegicus	   (Decapoda,	   Crangonidae).	  
Hydrobiologia,	  449:	  179-­‐186.	  
Chapter	  6	  
	  138	  
De	  Man,	   J.G.,	   1915.	  On	   some	   European	   species	   of	   the	   genus	   Leander	   Desm.,	   also	   a	  
contribution	   to	   the	   fauna	   of	   Dutch	   waters.	   Tijdschrift	   der	   Nederlandsche	  
Dierkundige	  Vereeniging,	  ser	  2,	  14:	  115-­‐179.	  
Dimmock,	  A.,	  Williamson,	  L.,	  Mather,	  P.B.,	  2004.	  The	  influence	  of	  environment	  on	  the	  
morphology	   of	   Macrobrachium	   australiense	   (Decapoda:	   Palaemonidae).	  
Aquaculture	  International,	  12:	  435-­‐456.	  	  
Dingle,	  H.,	  1996.	  Migration:	   the	  biology	  of	   life	  on	   the	  move.	  Oxford	  University	  Press,	  
Oxford,	  480	  pp.	  
Figueras,	  A.J.,	  1984.	  Biología	  y	  pesca	  del	  camarón	  (Palaemon	  serratus	  y	  P.	  adspersus)	  
en	  la	  Ría	  de	  Vigo.	  Tesis	  doctoral,	  Universidad	  de	  Santiago	  de	  Compostela.	  	  
Figueras,	  A.J.,	  1986.	  Crecimiento	  de	  Palaemon	  adspersus	  (Rathke,	  1837)	  y	  P.	  serratus	  
(Pennant,	   1777)	   (Decapoda:	   Natantia)	   en	   la	   ria	   de	   Vigo	   (SO	   de	   Espanã).	  
Investigacion	  Pesquera,	  50:	  117-­‐126.	  	  
Flores,	   A.,	   Negreiros-­‐Fransozo,	   M.L.,	   1999.	   Allometry	   of	   the	   secondary	   sexual	  
characters	  of	   the	   shore	   crab	  Pachygrapsus	   transversus	   (Gibbes,	   1850)	   (Brachyura,	  
Grapsidae).	  Crustaceana,	  72:	  1051-­‐1066.	  
Forster,	   G.R.,	   1951.	   Notes	   on	   Leander	   squilla	   L.	   Journal	   of	   the	   Marine	   Biological	  
Association	  of	  the	  United	  Kingdom,	  30:	  333-­‐360.	  
García-­‐Dávila,	   C.R.,	  Magalhães,	   C.,	   Guerror,	   J.C.H.,	   2005.	  Morphometric	   variability	   in	  
populations	  of	   Palaemonetes	   spp.	   (Crustacea,	  Decapoda,	   Palaemonidae)	   from	   the	  
Peruvian	  and	  Brazilian	  Amazon	  Basin.	  Iheringia,	  Série	  Zoologia.,	  95:	  327-­‐334.	  	  
González-­‐Ortegón,	  E.,	  Cuesta,	  J.A.,	  2006.	  An	  illustrated	  key	  to	  species	  of	  Palaemon	  and	  
Palaemonetes	  (Crustacea:	  Decapoda:	  Caridea)	  from	  European	  waters,	  including	  the	  
alien	  species	  Palaemon	  macrodactylus.	  Journal	  of	  the	  Marine	  Biological	  Association	  
of	  the	  United	  Kingdom,	  86:	  93-­‐102	  
Gonzalez-­‐Ortegon,	   E.,	   Cuesta,	   J.A.,	   Schubart,	   C.D.,	  2007.	  First	   report	   of	   the	   Oriental	  
Shrimp	  Palaemon	  macrodactylus	  Rathbun,	  1902	   (Decapoda:Caridea:Palaemonidae)	  
from	  German	  waters.	  Helgoland	  Marine	  Research,	  61:	  67–69.	  
González-­‐Ortegón,	   E.,	   Cuesta,	   J.A.,	   Pascual,	   E.,	   Drake,	   P.,	   2010.	   Assessment	   of	   the	  
interaction	   between	   the	   white	   shrimp,	   Palaemon	   longirostris,	   and	   the	   exotic	  
oriental	   shrimp,	   Palaemon	   macrodactylus,	   in	   a	   European	   estuary	   (SW	   Spain).	  
Biological	  Invasions,	  12:	  1731-­‐1745.	  
Grandjean,	   F.,	   Gouin,	   N.,	   Frelon,	   M.,	   Souty-­‐Grosset,	   C.,	   1998.	   Genetic	   and	  
morphological	   systematic	   studies	   on	   the	   crayfish	   Autropotamobius	   pallipes	  
(Decapoda:	  Astacidae).	  Journal	  of	  Crustacean	  Biology,	  183:	  549-­‐555.	  
Guerao,	  G.,	   1994.	  Growth	  and	   reproductive	  biology	  of	  Palaemon	   xiphias	   Risso,	   1816	  
(Decapoda:	  Caridea:	  Palaemonidae).	  Journal	  of	  Crustacean	  Biology,	  14:	  280-­‐288.	  	  
General	  Discussion	  
	   139	  
Guerao,	   G.,	   Ribera,	   C.,	   2000.	  Population	   characteristics	   of	   the	   prawn	   Palaemon	  
serratus	  (Decapoda,	   Palaemonidae)	   in	   a	   shallow	   Mediterranean	   bay.	  
Crustaceana,	  73:	  459–468	  
Guest,	  W.C.	   1979.	   Laboratory	   life	   history	   of	   the	   palaemonid	   shrimp	  Macrobrachium	  
amazonicum	  (Heller,	  1862)	  (Decapoda,	  Palaemonidae).	  Crustaceana,	  	  37:	  141-­‐152.	  	  
Hartnoll,	   R.G.,	   1985.	  Growth,	   sexual	  maturity	   and	   reproductive	  output.	  In:	  Factors	   in	  
adult	  growth.	  	  Wenner,	  A.M.	  (ed.).	  	  Rotterdam,	  A.A.	  Balkema,	  pp.	  101-­‐128.	  
Hedgepeth,	   J.W.,	   1957.	   Estuaries	   and	   lagoons	   II.	   Biological	   aspects.	   In:	   Treatise	   on	  
Marine	   Ecology	   and	   Paleoecology	   Vol.	   1	   Ecology.	   Hedgepeth,	   J.W.	   (ed).	   The	  
Geological	  Society	  of	  America	  Memoir,	  6:	  693–729.	  
Henderson,	   P.A.,	   Seaby,	   R.,	   Marsh,	   S.J.,	   1990.	   The	   population	   zoogeography	   of	   the	  
common	   shrimp	   (Crangon	   crangon)	   in	   British	   waters.	   Journal	   of	   the	   Marine	  
Biological	  Association	  of	  the	  UK,	  70:	  89-­‐97	  	  
Holmquist,	   J.G.,	   Schmidt-­‐Gengenbach,	   J.M.,	   Yoshioka,	   B.B.,	   1998.	   High	   dams	   and	  
marine-­‐freshwater	   linkages:	   effects	   on	   native	   and	   introduced	   fauna	   in	   the	  
Caribbean.	  Conservation	  Biology,	  12:	  621-­‐630.	  
Holthuis,	   L.B.,	   1950.	   Decapoda	   (KIX)	   A.	   Natantia,	   Macrura	   Reptantia,	   Anomura	   en	  
Stomatopoda	  (KX).	  In:	  Fauna	  van	  Nederland,	  15.	  Boschma,	  H.	  (ed.),	  pp.	  1-­‐166.	  
Jalihal,	  D.R.,	  Sankolli,	  K.N.,	  Shenoy,	  S.,	  1993.	  Evolution	  of	  larval	  developmental	  patterns	  
and	   the	   process	   of	   freshwaterization	   in	   the	   prawn	   genus	   Macrobrachium.	  
Crustaceana,	  65:	  365-­‐376.	  
Jensen,	  J.P.,	  1958.	  Studies	  in	  the	  life	  history	  of	  the	  prawn	  Leander	  adspersus	  (Rathke)	  
and	   the	   danish	   fishery	   on	   this	   species.	   Meddelelserfra	   Danmarks	   Fiskeri-­‐og	  
Havundersøgelser,	  Ny	  Serie,	  Bind	  2,	  18:	  1-­‐28.	  	  
Jones,	  M.B.,	  Simons,	  M.J.,	  1983.	  Latitudinal	  variation	  in	  reproductive	  characteristics	  of	  
a	  mud	  crab,	  Helice	  crassa	  (Grapsidae).	  Bulletin	  of	  Marine	  science,	  33:	  656-­‐670.	  
Klaoudatos,	   S.,	   Tsevis,	   N.,	   1987.	   Biological	   observations	   on	   Palaemon	   adspersus	  
(Rathke)	  at	  Messolonghi	  lagoon.	  Thalassographica,	  10:	  73-­‐88.	  
Kuris,	  A.M.,	  1991.	  A	  review	  of	  patterns	  and	  causes	  of	  crustacean	  brood	  mortality.	   In:	  
Crustacean	   Issues	   7:	   Crustacean	   egg	   production.	   Wenner	   A.,	   Kuris	   A.	   (eds.),	  
A.A.Balkema,	  Rotterdam,	  pp.	  117-­‐141.	  	  
Lagardère,	   M.,	   1971:	   Les	   crevettes	   des	   côtes	   du	   Maroc.	   Travaux	   de	   I'lnstitut	  
Scientifique	  Cherifien,	  série	  Zoologie,	  36:	  1-­‐140.	  
Lavesque,	  N.,	  Bachelet,	  G.,	  Béguer,	  M.,	  Girardin,	  M.,	  Lepage,	  M.,	  Blanchet,	  H.,	  Sorbe,	  
J.C.,	   Modéran,	   J.,	   Sauriau,	   P-­‐G.,	   Auby,	   I.,	   2010.	   Recent	   expansion	   of	   the	   oriental	  
shrimp	  Palaemon	  macrodactylus	   (Crustacea:	   Decapoda)	   on	   the	  western	   coasts	   of	  
France.	  Aquatic	  Invasions,	  5:	  S103-­‐S108.	  
Li,	  H.Y.,	  Hong,	  S.Y.,	  Jin,	  Z.H.,	  2011.	  Fecundity	  and	  Brood	  Loss	  of	  Sand	  Shrimp,	  Crangon	  
uritai	  (Decapoda:	  Crangonidae).	  Journal	  of	  Crustacean	  Biology,	  31:	  34-­‐40	  	  
Chapter	  6	  
	  140	  
March,	  J.G.,	  Benstead,	  J.P.,	  Pringle,	  C.M.,	  Scatena,	  F.N.,	  2003.	  Damming	  tropical	  island	  
streams:	  problems,	  solutions,	  and	  alternatives.	  BioScience,	  53:	  1069–1078.	  
Marchand,	   J.,	   1981.	   Observations	   sur	   l'écologie	   de	   Crangon	   crangon	   (Linné)	   et	  
Palaemon	   longirostris	   H.Milne	   Edwards	   (Crustacea,	   Decapoda,	   Natantia).	   Estuaire	  
interne	  de	  la	  Loire	  (France).	  	  Vie	  et	  Milieu,	  31:	  83-­‐92.	  	  	  	  	  	  	  	  	  
Marchand,	   J.,	   Alliot,	   A.,	   1981.	   Observations	   sur	   l'écologie	   des	   populations	   de	   trois	  
espèces	   de	   crustacés	   décapodes	   nageurs	   en	   Loire-­‐Atlantic:	   Palaemonetes	   varians	  
(Leach),	   Palaemon	   longirostris	   H.Milne	   Edwards	   et	   Crangon	   crangon	   (Linné).	  	  
Bulletin	  de	  la	  Société	  des	  sciences	  naturelles	  de	  l'Ouest	  de	  la	  France,	  nouvelle	  série,	  
tome	  3:	  184-­‐201.	  
Marques,	   J.C.,	   Costa,	   I.,	   1984.	   Étude	   d'une	   collection	   de	   crustacés	   décapodes	   de	  
l'estuaire	   du	   Tage	   (Portugal).	   	   Biologie	   des	   populations	   de	   Carcinus	   maenas	  
(Decapoda,	   Brachyura),	   Crangon	   crangon,	   Palaemon	   longirostris	   et	   Palaemon	  
serratus	  (Decapoda,	  Caridea).	  Ciência	  Biológica,	  5:	  151-­‐189.	  
Mashiko,	   K.,	   Shy,	   J.-­‐Y.,	   2008.	   Derivation	   of	   four	  morphologically	   afﬁliated	   species	   of	  
Macrobrachium	   (Caridea,	   Palaemonidae)	   with	   divergent	   reproductive	  
characteristics	  in	  northeastern	  Asia.	  Journal	  of	  Crustacean	  Biology,	  28:	  370-­‐377.	  
Mayr,	  E.,	  Ashlock	  ,	  P.D.,	  1991.	  Principles	  of	  systematic	  zoology.	  McGraw-­‐Hill,	  New	  York,	  
475	  pp.	  
McDowall,	   R.M.,	   2007.	   On	   amphidromy,	   a	   distinct	   form	   of	   diadromy	   in	   aquatic	  
organisms.	  Fish	  and	  Fisheries,	  8:	  1-­‐13.	  
Merz,	   J.E.,	  Moyle,	  P.B.,	  2006.	  Salmon,	  wildlife,	  and	  wine:	  marine-­‐derived	  nutrients	   in	  
the	  human-­‐dominated	  ecosystems	  of	  central	  California.	  Ecological	  Applications,	  16:	  
999–1009.	  	  
Myers,	  G.S.,	  1949.	  Usage	  of	  anadromous,	  catadromous	  and	  allied	  terms	  for	  migratory	  
ﬁshes.	  Copeia,	  1949:	  89-­‐97.	  
Newman,	   W.A.,	   1963.	   On	   the	   introduction	   of	   an	   edible	   oriental	   shrimp	   (Caridea,	  
Palaemonidae)	  to	  San	  Francisco	  Bay.	  Crustaceana,	  5:	  119–132	  
Oh,	   C.-­‐W.,	   Hartnoll,	   R.G.,	   1999.	   Size	   at	   sexual	   maturity,	   reproductive	   output,	   and	  
seasonal	  reproduction	  of	  Philocheras	  trispinosus	  (Decapoda)	  in	  Port	  Erin	  Bay,	  Isle	  of	  
Man.	  Journal	  of	  Crustacean	  Biology,	  19:	  252-­‐259.	  
Omori,	   M.	   and	   Chida,	   Y.,	   1988.	   Life	   history	   of	   a	   caridean	   shrimp,	   Palaemon	  
macrodactylus	   with	   special	   reference	   to	   the	   difference	   in	   reproductive	   features	  
among	  ages.	  Nippon	  Suisan	  Gakkaishi,	  54	  :	  365-­‐375.	  
Orr,	  M.R.,	  Smith,	  T.B.,	  1998.	  Ecology	  and	  speciation.	  Trends	   in	  Ecology	  and	  Evolution,	  
13:	  502-­‐504.	  	  
Otvall,	   R.,	   Bensch,	   S.,	   Walinder,	   G.,	   Lifjeld,	   J.T.,	   2002:	   No	   evidence	   of	   genetic	  
differentiation	   between	   lesser	   redpolls	   Carduelis	   flammea	   cabaret	   and	   common	  
redpolls	  Carduelis	  f.	  falmmea.	  Avian	  Science,	  2:	  237-­‐244.	  
General	  Discussion	  
	   141	  
Page,	  T.J.,	  Baker,	  A.M.,	  Cook,	  B.D.,	  Hughes,	  J.M.,	  2005.	  Historical	  transoceanic	  dispersal	  
of	  a	  freshwater	  shrimp:	  the	  colonization	  of	  the	  South	  Paciﬁc	  by	  the	  genus	  Paratya	  
(Atyidae).	  Journal	  of	  Biogeography,	  32:	  581-­‐593.	  
Page,	  T.J.,	  Rintelen,	  K.V.,	  Hughes,	  J.M.,	  2007.	  An	  island	  in	  the	  stream:	  Australia’s	  place	  
in	   the	   cosmopolitan	   world	   of	   Indo-­‐West	   Paciﬁc	   freshwater	   shrimp	   (Decapoda:	  
Atyidae:	  Caridina).	  Molecular	  Phylogenetics	  and	  Evolution,	  43:	  645-­‐659	  
Page,	   T.J.,	   Cook,	   B.D.,	   Rintelen,	   T.V.,	   Rintelen,	   K.V.,	  Hughes,	   J.M.,	   2008.	   Evolutionary	  
relationships	  of	  atyid	  shrimp	  imply	  both	  ancient	  Caribbean	  radiations	  and	  common	  
marine	  dispersals.	  Journal	  of	  the	  North	  American	  Benthological	  Society,	  27:	  68-­‐83.	  
Paula,	   J.,	   1993.	   Ecologia	   da	   fase	   larvar	   e	   recrutamento	   de	   crustáceos	   decápodes	   no	  
estuário	  do	  rio	  Mira	  Dissertação	  de	  Doutoramento,	  Universidade	  de	  Lisboa,	  282	  pp.	  
Paula,	   J.,	   1998.	   Larval	   retention	   and	   dynamics	   of	   the	   prawns	   Palaemon	   longirostris	  
H.Milne	   Edwards	   and	  Crangon	   crangon	   Linnaeus	   (Decapoda,	   Caridea)	   in	   the	  Mira	  
estuary,	  Portugal.	  Invertebrate	  Reproduction	  and	  Development,	  33:	  221-­‐228.	  	  	  	  	  	  	  
Pauly,	   D.,	   Munro,	   J.L.,	   1984.	   Once	   more	   on	   the	   comparison	   of	   growth	   in	   fish	   and	  
invertebrates.	  Fishbyte,	  21:	  21.	  
Rajyalakshmi,	   T.,	   1961.	   Studies	   on	   maturation	   and	   breeding	   in	   some	   estuarine	  
palaemonid	  prawns.	  Proceedings	  of	   the	  National	   Institute	  of	  Sciences	  of	  India,	   27B:	  
179-­‐188.	  
Reeve,	  M.R.,	  1969.	  Growth,	  metamorphosis	  and	  energy	  conversion	  in	  the	  larvae	  of	  the	  
prawn	   Palaemon	   serratus.	   Journal	   of	  Marine	   Biological	   Association	   of	   the	   United	  
Kingdom,	  49:	  77-­‐96.	  	  
Rome,	  N.,	  Conner,	  S.L.,	  Bauer,	  R.T.,	  2009.	  Delivery	  of	  hatching	  larvae	  to	  estuaries	  by	  an	  
amphidromous	   river	   shrimp:	   tests	   of	   hypotheses	   based	   on	   larval	   moulting	   and	  
distribution.	  Freshwater	  Biology,	  54:	  1924-­‐1932.	  
Sandifer,	  P.A.,	  1975.	  The	  role	  of	  pelagic	   larvae	   in	  recruitment	  to	  populations	  of	  adult	  
decapod	  crustacean	  in	  the	  York	  River	  estuary	  and	  adjacent	  lower	  Chesapeake	  Bay,	  
Virginia.	  Estuarine	  and	  Coastal	  Marine	  Science,	  3:	  269-­‐279.	  	  
Sanz,	  A.,	  1987.	  Biología	  de	  Palaemon	  elegans	  Rathke,	  1837	  (Natantia:	  Palaemonidae)	  
en	  las	  costas	  del	  Mediterráneo	  Occidental.	  Investigacion	  Pesquera,	  51:	  177-­‐187.	  
Sarda,	  F.,	  Bas,	  C.,	  Roldán,	  M.I.,	  Pla,	  C.,	  Lleornart,	  J.,	  1998.	  Enzimatic	  and	  morphometric	  
analyses	   in	   Mediterranean	   populations	   of	   the	   rose	   shrimp,	   Aristeus	   antennatus	  
(Risso,	  1986).	  Journal	  of	  Experimental	  Marine	  Biology	  and	  Ecology,	  221:	  131-­‐144.	  
Sastry,	   A.	   N.	   1983.	   Ecological	   aspects	   of	   reproduction.	   In:	  The	   Biology	   of	   Crustacea.	  
Environmental	  Adaptations.	  Vernberg,	  F.J.,	  Vernberg,	  W.B.	  	  (eds.),	  Academic	  Press,	  
New	  York,	  pp.	  179–270	  .	  
Short,	   J.W.,	   2004.	   A	   revision	   of	   Australian	   river	   prawns,	  Macrobrachium	   (Crustacea:	  
Decapoda:	  Palaemonidae).	  Hydrobiologia,	  525:	  1-­‐100.	  	  
Chapter	  6	  
	  142	  
Slatkin,	   M.,	   1985:	   Gene	   flow	   in	   natural	   populations.	   Annual	   Review	   of	   Ecology	   and	  
Systematics,	  16:	  393-­‐430.	  
Smaldon,	  G.,	  1979.	  British	  Coastal	  Shrimps	  and	  Prawns.	  Synopses	  of	  the	  British	  Fauna	  
(N.S.),	  15.	  
Sollaud,	  M.E.,	  1923.	  Le	  développment	  larvaire	  des	  Palaemoninae.	  I.	  Partie	  descriptive.	  
La	  condensation	  progressive	  de	  l’ontogenese.	  Bulletin	  biologique	  de	  la	  France	  et	  de	  
la	  Belgique,	  57:	  509-­‐603.	  	  
Sorbe,	   J.C.,	   1983.	   Les	   décapodes	   natantia	   de	   l'estuaire	   de	   la	   Gironde	   (France).	  
Contribution	   a	   l'étude	   morphologique	   et	   biologique	   de	   Palaemon	   longirostris	  
H.Milne	  Edwards,	  1837.	  	  Crustaceana,	  44:	  251-­‐270.	  
Souza,	  G.D.,	  Fontoura,	  N.F.,	  1995.	  Crescimento	  de	  Macrobrachium	  potiuna	  no	  Arroio	  
Sapucaia,	   Município	   de	   Gravataí,	   Rio	   Grande	   do	   Sul	   (Crustacea,	   Decapoda,	  
Palaemonidae).	  Revista	  Brasileira	  de	  Biologia,	  55:	  51-­‐63.	  
Spivak,	   E.D.,	   1997.	   Life	   history	   of	   a	   brackish-­‐water	   population	   of	   Palaemonetes	  
argentinus	  (Decapoda:	  Caridea)	  in	  Argentina.	  Annales	  de	  Limnologie,	  33:	  179-­‐190.	  	  
Spivak,	  E.D.,	  Boschi,	  E.E.,	  Martorelli,	  S.R.,	  2006.	  Presence	  of	  Palaemon	  macrodactylus	  
Rathbun	   1902	   (Crustacea:	   Decapoda:	   Caridea:	   Palaemonidae)	   in	   Mar	   del	   Plata	  
harbor,	   Argentina:	   First	   record	   from	   southwestern	   Atlantic	   waters.	   Biological	  
Invasions,	  8:	  673-­‐676.	  
Synder,	  M.N.,	  Anderson,	  E.P.,	  Pringle,	  C.M.,	  2011.	  A	  migratory	  shrimp's	  perspective	  on	  
habitat	   fragmentation	   in	   the	   neotropics:	   extending	   our	   knowledge	   from	   Puerto	  
Rico.	   In:	   New	   Frontiers	   in	   Crustacean	   Biology.	   Proceedings	   of	   the	   TCS	   Summer	  
Meeting,	   Tokyo,	   20-­‐24	   September	   2009.	   Asakura,	   A.	   (ed.),	   Brill:	   Leiden,	   The	  
Netherlands,	  pp.	  169-­‐182.	  
Truesdale,	   F.M.,	   Mermilliod,	   W.J.,	   1979.	   The	   river	   shrimp	   Macrobrachium	   ohione	  
(Smith)	  (Decapoda,	  Palaemonidae):	  its	  abundance,	  reproduction,	  and	  growth	  in	  the	  
Atchafalaya	  River	  Basin	  of	  Louisiana,	  U.S.A.	  Crustaceana,	  36:	  61-­‐73.	  
Wickins,	  J.F.,	  Beard,	  T.W.,	  1974.	  Observations	  on	  the	  breading	  and	  growth	  of	  the	  giant	  
freshwater	   prawn	  Macrobrachium	   rosenbergii	  (de	   Man)	   in	   the	  
laboratory.	  	  Aquaculture,	  3:	  159-­‐174.	  	  
Worsfold,	   T.M.,	  Ashelby,	   C.W.,	   2008.	  Additional	  UK	   records	  of	   the	  non-­‐native	  prawn	  
Palaemon	  macrodactylus	  (Crustacea:	  Decapoda).	  Marine	  Biodiversity	  Records,	  1:	  1-­‐
3.	  	  
Van	   Den	   Brink,	   F.W.B.,	   Van	   Der	   Velde,	   G.,	   1986.	   Observations	   on	   the	   population	  
dynamics	   and	   distribution	   of	   the	   white	   prawn	   Palaemon	   longirostris	   H.Milne	  
Edwards,	   1837	   (Crustacea,	   Decapoda,	   Natantia)	   in	   the	   Netherlands,	   with	   special	  
reference	  to	  its	  occurrence	  in	  the	  major	  rivers.	  Archiv	  für	  Hydrobiologie,	  107:	  465-­‐
495.	  
General	  Discussion	  
	   143	  
Vernberg,	   W.B.,	   Vernberg,	   F.J.,	   1983.	   Freshwater	   Adaptations.	   In:	   The	   Biology	   of	  
Crustacea,	  vol.	  8,	  Vernberg,	  F.J.,	  Vernberg,	  W.B.	  (eds.),	  Academic	  Press,	  New	  York,	  
pp.	  335-­‐363.	  	  
Vogt,	  G.,	  2013.	  Abbreviation	  of	  larval	  development	  and	  extension	  of	  brood	  care	  as	  key	  
features	   of	   the	   evolution	   of	   freshwater	   Decapoda.	   Biological	   Reviews	   of	   the	  
Cambridge	  Philosophical	  Society,	  88:	  81-­‐116	  
Zariquiey	  Alvarez,	  R.,	  1968.	  Crustáceos	  decápodes	  ibéricos.	  Investigación	  Pesquera,	  32:	  
1-­‐510.	  
	  
	  
	  
	  
